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Prelude to asthma? 


not necessarily 


Tedral, taken at first sign of attack, often fore- 


stalls severe symptoms. 


in 15 minutes ...Tedral brings symptomatic 
relief with a definite increase in vital capacity. 
Breathing becomes easier as Tedral relaxes 
smooth muscle, reduces tissue edema, provides 


mild sedation. 


fe or 4 fi ull hours ...Tedral maintains more 
normal respiration for a sustained period—not 


just a momentary pause in the attack. 


Prompt and prolonged relief with 
Tedral can be initiated any time, day or night, 
whenever needed without fear of incapacitat- 
ing side effects. 

Tedral provides: 

ephedrine 

phenoparbital 

in boxes of 24, 120 and 1000 tablets 


(NC. MORRIS PLAINS, NEW JERSEY 


¢ | L. ¢ | FORMERLY THE MALTINE COMPANY 
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“DIHYDROTACHYSTEROL... 
has proved to be the most valuable 


remedy for the control of chronic 


| In Chronic 
hypoparathyroidism and by its use 
= 
patients may be kept free of the symptoms Hypoparathyroidism... 
of tetany as well as of the trophic Hypocalcemia 


manifestations of chronic hypocalcemia.”’* 


Orally administered, Hytakerol facilitates 


® 
the absorption of calcium from t ak ol 
the bowel and increases the excretion VY 
Brand of 
Dihydrotachysterol 


of phosphate by the kidney. 


Sulkowitch’s simple urinary test 
may be used instead of repeated blood 


analyses in checking calcium levels.* 


DOSE 

Orally from 3 to 10 cc. (or from 

6 to 20 capsules) daily until tetany is 
relieved; weekly maintenance dose 
from 1 to 7 cc. (or from 2 to 14 capsules) 
depending upon the blood and urine 
calcium levels. From 10 to 15 Gm. 
calcium lactate or gluconate 

may be given daily as supplement 
through the period of therapy. 
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‘SUPPLIED 
*Grolimon, A.: Essentials of Endocrinology. Philadelphia, 
Hytakerol in Oil, bottles of 15 cc. 


Hytakerol Capsules (each equivalent 


n. to 0.5 cc.), bottles of 50. 
New Yort  Winosor, 


Hytokerol, trademark reg. U.S. & Conade 
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Editorial 


Thermodynamic, Kinetic and Biologic Stability.  . DeWrrr Srerren, Jr. 


Clinical Studies 


Parahemophilia in Three Siblings (Owren’s Disease). With Studies on Certain Plasma 
Components Affecting Prothrombin Conversion 
BENJAMIN ALEXANDER AND ROBERT GOLDSTEIN 
In this elegant analysis of the cause of a congenital coagulation defect in three siblings the authors 
could demonstrate that the difficulty was not due to apparent hypoprothrombinemia but to a defi- 
ciency of AC-globulin, readily corrected by transfusion of fresh whole blood or plasma. The paper 
includes a lucid discussion of the distinct factors normally present in plasma (Ac-globulin) and 
serum (“SPCA”’) which are both required to accelerate conversion of prothrombin to thrombin. 
A revised classification of the true hypoprothrombinemias and pseudohypoprothrombinemias is 
offered. 


Limit of Hemoglobin Synthesis in Hereditary Hemolytic Anemia. Its Relation to the 


Excretion of Bile Pigment 
Lr. Cor. WILLIAM H. CrossBy AND Lr. Cot. JosEpH H. AKEROYD 


This stimulating paper brings into better focus the dynamic relationship between life span of the 
red cell and the rate of erythropoiesis as determinants of the circulating red cell mass. If the limits 
of this equilibrium are exceeded under the stress of hemolytic disease, anemia results. Thus the 
authors, using the Ashby method and related technics, were able to show in two cases of hereditary 
hemolytic anemia that with reduction of average red cell survival to less than fifteen to twenty 
days, hemoglobin production increased about seven-fold and yet anemia developed. Other related 
observations add to the interest of the study. 


Prolonged Treatment of Pernicious Anemia with Vitamin Bj, 
C. Lockarp ConLey, THomMAs W. GREEN, ROBERT C. HARTMANN AND JULIUS 
R. KREVANS 


There is some question whether vitamin B,2 therapy of pernicious anemia is of itself wholly ade- 
quate treatment—whether some other antipernicious anemia principle in liver may also be re- 
quired for optimal results in treatment. The present study, a careful evaluation of long-term 
therapy with vitamin Bj», in a large number of cases of pernicious anemia, indicates that vitamin 
By alone is as effective as refined liver extract in producing and maintaining remission in the clini- 
cal and hemotologic manifestations of pernicious anemia, and is the preferred form of treatment. 
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simple, dependable 
measure of blood velocity 


Blood circulation ti 


for estimating myocardial 

determined simply and dependably with 

Decholin Sodium. While the patient is lying quietly, 
inject 3 to 5 cc. of Decholin Sodium rapidly 

(2 to 3 seconds) through an 18-gauge needle into the 
cubital vein. The “arm-to-tongue” circulation interval is 
timed from the start of the injection to the patient’s 
perception of a bitter taste. The average “arm-to-tongue” 


time is from 9 to 16 seconds. 


CHOLIN SODIUM 


(BRAND OF SODIUM DEHYDROCHOLATE) 


20% aqueous solution for intravenous administration, 
ampuls of 3 cc., 5 cc. and 10 cc.; boxes of 3, 20 and 

100 ampuls. 

Write for your copy of Decholin Sodium in Blood 

Velocity Determinations, Results of 60 Published Reports. 
Decholin Sodium, trademark reg. 


AMES company, INC. 
ELKHART, INDIANA 


Ames Company of Canada, Ltd., Toronto 
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Thrombotic Thrombocytopenic Purpura. Review of ‘the Literature and Report of 


Thrombotic thrombocytopenic purpura is an uncommon disease and sufficiently variable in its 
clinical features to make antemortem recognition exceedingly difficult. It is, however, a disorder of 
unusual interest, to be considered in the presence of fever, thrombocytopenic purpura, evidences 
of hemolytic anemia, diffuse central nervous system symptoms and unrelenting downhill course. 
This review of the literature, with presentation of three new cases, helps to clarify the picture but 
leaves many questions as to classification and etiology open. 


Incidence of Leukemia in Survivors of the Atomic Bomb in Hiroshima and Nagasaki, 
Japan . JARRETT H. FoLttey, WAYNE BorGEs AND TAkuso YAMAWAKI 
The incidence of leukemia was found to be significantly higher in the population of Hiroshima 
and Nagasaki exposed to atomic bomb radiation within a circumference of 2,000 meters from the 
hypocenter than in the non-exposed population of those cities. This finding supports the view that 
this form of irradiation also may be leukemogenic in susceptible persons. 


Review 


This review deals with a renal complication of diabetes and of pyelonephritis following urinary 
obstruction which is not as well recognized as its incidence would seem to warrant. The descrip- 
tion of the disorder is informative and will be helpful in diagnosis. 


Seminars on Gastrointestinal Physiology 


Motility of the Alimentary Canal in Man. Review of Recent Studies 
CHARLES F. CoprE, C. HIGHTOWER, JR. AND CARL G. MorRLOcK 


Mixing, propulsion and, to some extent, absorption of the gastrointestinal content depends upon 
the motility of the tract, which therefore is an important aspect of gastrointestinal function. In this 
comprehensive and up-to-date study, Dr. Code and his associates review present knowledge con- 
cerning the motility of the esophagus, stomach, small bowel and large bowel in the normal state, in 
disease, and as affected by drugs and sympathectomy. The whole gives excellent orientation in 
this field. 
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new, fast-acting analgesic 


containing acetyl-p-aminophenol 


Because of its content of acetyl-p-amino- 
phenol, ‘Trigesic quickly raises the pain 
threshold and provides rapid, sustained 
relief of pain. A definite rise in pain thresh- 
old occurs within 30 minutes and anal- 
gesia 1s maintained for about 4 hours. 
Trigesic is for relief of pain in common 
colds, grippe, dysmenorrhea, premenstrual 
tension, sciatica, simple headache, after 
dental extractions and minor surgery, 
rheumatism, migraine, sinusitis, bursitis, 
myositis and pains of neuropathic origin. 


Trigesic, per tablet: 


0.125 Gm. (2 gr.) acetyl-p-aminophenol, 0.23 Gm. 
(3%4 gr.) aspirin, 0.03 Gm. (% gr.) caffeine. Bottles 
of 100 and 1,000 white, scored tablets on prescrip- 
tion only. 


Trigesic with Codeine, per tablet: 


16 mg. (% gr.) or 32 mg. (% gr.) codeine phos- 
phate in addition to the other ingredients. Bottles 
of 100 and 1,000 pink, scored tablets on prescrip- 
tion only. 


TRIGESIC 


Squibb Analgesic Compound 


*TRIGESIC’ IS A TRADEMARK OF E. R. SQUIBB & SONS 
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Combined Staff Clinic 


Combined Staff Clinics (Columbia University College of Physicians and Surgeons)—This 
clinic deals with the mechanisms of antigen-antibody reactions and the light they throw upon 
certain clinical problems in allergy. Considered in some detail are the immune responses to 
protein allergens resulting in anaphylaxis, the Arthus reaction and serum sickness. Also con- 
sidered at length is some of the more recent knowledge regarding non-protein sensitizing agents 
and the application of this knowledge to drug reactions in man. 


Clinico-pathologic Conference 


Acromegaly, Mandibular ‘Tumor and Pyrexia 


Clinico-pathologic Conference (Washington University School of Medicine)—This interesting 
case of acromegaly offered opportunity for discussion of a number of intriguing clinical and 
metabolic associations with acidophilic adenoma of the pituitary gland. 


Case Reports 


Thrombotic Thrombocytopenic Purpura. Confirmation of Clinical Diagnosis by Bone 
Marrow Aspiration 

TALBERT Cooper, J. M. STICKNEY, GERTRUDE L. PEASE AND WARREN A. 

BENNETT 

Thrombotic thrombocytopenic purpura characteristically presents fever, hemolytic anemia, 

thrombocytopenic purpura and indications of central nervous system involvement but diagnosis 


rarely is made during life. This paper describes two new cases in which recognition was greatly 
facilitated by sternal bone marrow aspiration yielding tissue showing typical vascular lesions. 


Rupture of Echinococcus Cysts into the Bile Ducts Simulating Stones in the Common 
Duct... . . Donato H. ATLAs AND HAROLD KAMENEAR 


This interesting paper on rupture of echinococcic cysts calls attention to a clinical picture which 
can be exceedingly puzzling, particularly if distinct eosinophilia is not present. Careful history 
taking and the Casoni skin test are all-important in diagnosis. 


Advertising Index on 3rd Cover 
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SoGuttior 
INTRAMUSCULAR 
VERILOID 


BRAND OF ALKAVERVIR 


With the recent introduction of Solution Intramuscular Veriloid, it is now 
possible to depress the blood pressure for prolonged periods by intramuscularly 
administered medication. Thus, in the management of the hypertensive patient, 
when it is imperative that the distressing symptoms be promptly controlled or 
mitigated, Solution Intramuscular Veriloid makes possible this therapeutic aim. 


DESCRIPTION 
Solution Intramuscular Veriloid provides 1.0 mg. of alkavervir per cubic 
centimeter in buffered isotonic aqueous solution. Alkavervir, an extract of 
hypotensive alkaloids derived from Veratrum viride, is biologically standard- 
ized in dogs for uniformity of hypotensive potency. 


ACTION 

A single injection of Solution Intramuscular Veriloid produces a significant 
drop in blood pressure which reaches its maximum effect in 60 to 90 minutes. 
The hypotensive response so achieved is maintained for 3 to 6 hours, at which 
time the initial dose may be repeated for a more prolonged effect. This pro- 
cedure may be repeated several times if it is desirable to maintain blood pres- 
sure depression for a period of many hours, or even days. Solution Intramuscular 
Veriloid drops the blood pressure physiologically by central action. It has no 
influence on ganglionic activity and has no direct relaxing effect on the blood 


vessels. 
INDICATIONS 


Solution Intramuscular Veriloid may be employed to maintain the hypo- 
tensive response of previously administered intravenous veratrum extracts, or 
it may be employed as the initial hypotensive agent. In either manner of use, 
it produces a positive hypotensive response in hypertensive states accompanying 
cerebral vascular disease, malignant hypertension, hypertensive crises (encephalop- 
athy), toxemia of pregnancy, eclampsia and pre-eclampsia. 


DOSAGE: The dosage of Solution Intramuscular Veriloid must be carefully ascer- 
tained for the individual patient. Complete information regarding dosage and 
administration is contained in the leaflet which accompanies each ampul. 


AVAILABILITY: Solution Intramuscular Veriloid is supplied in 2 cc. ampuls in 
boxes of 6. 
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NE VV power to control the failing heart 


IN E WV  ettectiveness, safety and 


convenience 


N E W¥ treedom trom dependence on xanthines, 
ammonium chloride, resins, aminophylline 
and other less effective tablets 


NEOHYDRIN 


THE DIURETIC TABLETS THAT WORK 


PRESCRIBE NEOHYDRIN, when indicated, in congestive heart failure, 
recurring edema, cardiac asthma, hypertensive heart disease, dysp- 
nea of cardiac origin, arteriosclerotic heart disease, fluid retention 
masked by obesity and for patients averse to their low-salt diet. 


How fo use this new drug: Maintenance of the edema-free state has 
been accomplished with as little as one NEOHYDRIN Tablet a day. 
Often this dosage of NEOHYDRIN will obtain in a week an effect 
comparable to a weekly injection of MERCUHYDRIN®. When more 
intensive therapy is required one tablet or more three times daily 
may be prescribed as determined by the physician. 


Gradual attainment of the ultimate maintenance dosage is recom- 
mended to preclude gastrointestinal upset which may occur in occa- 
sional patients with immediate high dosage. Though sustained, the 
onset of NEOHYDRIN diuresis is gradual. Injections of MERCUHYDRIN 
will be initially necessary in acute severe decompensation. 


Contraindicated in acute nephritis. 
Any patient receiving a diuretic should ingest daily a glass of 
orange juice or other supplementary source of potassium. 


Packaging: Bottles of 50 tablets. There are 18.3 mg. of 3-chloromercuri-2-. 
methoxy-propylurea in each tablet. 


@TRADE MARK APPLIED FOR 


ership diuretic research mea 
(le LABORATORIES, INC., MILWAUKEE 1, WISCONSIN 
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a potent vasodilator 


Orally and parenterally 
effective, intra-arterially 

as well as intramuscularly 
and intravenously. 

Of proved value in peripheral 
ischemia and its sequelae: 
pain, loss of function, 
ulceration, gangrene, and other 
trophic manifestations. 


Comprehensive information on 
intra-arterial as well as 

other therapy with Priscoline 

is available upon request 

to the Medical Service Division, 
Ciba Pharmaceutical Products, Inc. 
Summit, New Jersey 


Priscoline hydrochloride 

(brand of benzazoline hydrochloride) 

is available as tablets containing 25 mg., 
as elixir containing 25 mg. per 4 cc., 
and in 10-cc. multiple-dose 

vials containing 25 mg. per cc. 

Issued: Tablets, bottles of 100 and 1900; 
Multiple-dose vials, cartons of 1; 

Elixir, bottles of 473 cc. 

(approximately 1 pint) 
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NEW 


unmatched for injectton-ease 


sterile, single-dose cartridges 


and unique universal syringe 


ideal for emergency bag 


ready for immediate use 


no preparation necessary 


no sterilization of syringe or needle 


introduced by 


world's largest producer of antibiotics 


*TRADEMARK, CHAS. PFIZER & CO... INC 
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Pfizer 
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one universal syringe 
for two cartridge sizes 


one steraject cartridge 
for a full premeasured dose 


one sterile needle 


supplied with every. cartridge 


one operation 
for parenteral antibiotic therapy 


Plunger and cartridge connect... 


cCOMBIOTIC 
MAUEOUS SUSPENSION 
PENICILLIN and 


you can aspirate before injecting! 


simplest parenteral therapy available 


Steraject Penicillin G Procaine 
Crystallime in Aqueous Suspension 
(300,000 units) 


Steraject Penicillin G Procaine 
Crystalline in Oil with 2% 
Aluminum Monostearate 
(300,000 units) 


Steraject Penicillin G Procaine 
Crystalline in Aqueous Suspension 
(1,000,000 units) 


Steraject Combiotic* Aqueous 
Suspension (400,000 units 
Penicillin G Procaine Crystalline, 
0.5 Gm. Dihydrostreptomycin) 


for full details, see your Pfizer - 
Tojession ervice mepresentative Sulfate Solution (i gram) 


Steraject Cartridges: each one supplied Steraject Streptomycin 
with new sterile needle, foil-wrapped © | Bedi) Sulfate Solution (1 gram) 


ANTIBIOTIC DIVISION CHAS. PFIZER & CO.,INC.* BROOKLYN 6, N.Y. 
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OXYCEL PADS 
Sterilized, gauze-type, 

3 inch x 3 inch eight-ply pads, 
and 4 inch x 12 inch 

eight-ply pads. 


OXYCEL PLEDGETS 
Sterilized, cotton-type, 2% inch 
x 1 inch x 1 inch portions. 


OXYCEL STRIPS 
Sterilized, four-ply, gauze-type 
strips, 5 inch x % inch; four- 
ply 18 inch x 2 inch; four-ply 
36 inch x % inch; and 
four-ply 3 yard x 2 inch, 
pleated in accordion fashion. 


OXYCEL FOLEY CONES 
Sterilized, four-ply, gauze- 

type discs, 5 inch and 7 inch 
diameters, conveniently folded 

in radially fluted form. 


Supplied in individual 
glass containers. 
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clamp and ligate where you can 


OXYCEL 


oxidized cellulose 


Where clamp and ligature cannot control capillary 
bleeding, OXYCEL (oxidized cellulose, Parke-Davis) 
provides prompt hemostasis. Operative procedure 

is shortened and postoperative hemorrhage often eliminated 
by use of this absorbable hemostatic. OXYCEL is easy 

to use — it is applied directly from the container, 

and conforms readily to all wound surfaces. There’s a form 
of OXYCEL for every surgical use. 


Sturke. + Company 
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the newest hypnotic 
in fluid form for Aiviven 
and adults 


gentle, safe sleep and sedation 


D ORMISON liqui 


New Dormison Liquid, containing 250 mg. per teaspoonful, has the wide margin 
of safety desirable in a sedative-hypnotic for all age groups. Remarkably free from 
depressive after-effects, patients usually awaken refreshed and 


alert. Respiration is not depressed nor is blood pressure or pulse rate affected. 


NOSTINGUOd 


Dormison* Liquid (methylparafynol-Schering) permits flexibility of dosage — 
one-half to one teaspoonful for infants and children to two teaspoonfuls for adults. 


Its flavor is acceptable to all age groups. 


cheting CORPORATION, BLOOMFIELD, N.J. 


In Canada: SCHERING CORPORATION, LTD., MONTREAL 
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New aureomycin minimal dos- 
age for adults—four 250 mg. 
capsules daily, with milk. 


Library, Union League Club, Philadelphia, Pa. 


From among all antibiotics, Dermatologists often choose 


AUREOMYCIN 


Hydrochloride Crystalline 
because 
Aureomycin provides mild bacteriostasis in diseases of the skin. 


Aureomycin has been found effective in pinta, yaws and many bacterial infections of the 
skin (furunculosis, impetigo, pyogenic dermatitides, sycosis vulgaris and tropical ulcer). 
It is at present considered preferable to administer the drug systemically in these condi- 
tions. Aureomycin is also useful in the control of contributing or secondary infections 


associated with many dermatoses. 


Throughout the world, as in the United States, aureomycin is recognised 


as a broad-spectrum antibiotic of established effectiveness. 


Capsules: 50 mg.—Bottles of 25 and 100; 250 mg.—Bottles of 16 and 100. 
Ophthalmic: Vials of 25 mg. with dropper; solution prepared by adding 5 ce. distilled, water. 


LEDERLE LABORATORIES DIVISION amenrcav Ganamid compavr 30 Rockefeller Plaza, New York 20, N.Y. 
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verapeutic 
dose of 9 
capsules 
provides 


2.5 Gm 


| ach TI 


CHOLINE DIHYDROGEN 
dI-METHIONINE 0.11 Gm. 1.0 Gm. 
INOSITOL 0.083 Gm.| 0.75 Gm. 
VITAMIN Bj2-Bi2b 1 meg 9 mcg. 
LIVER CONCENTRATE AND 

DESICCATED LIVER** 0.087 Gm. | 0.78 Gm. 


THREE TABLESPOONFULS OF METHISCHOL SYRUP EQUAL 
IN POTENCY TO NINE METHISCHOL CAPSULES 

: onfuls Syr 2S 1.14 Gm. choline chloride 
2 Gm. liver concentrate 


Bottles of 100, 
250, 500 

and 1000 capsules, 
and 16 oz. 

and 1 gallon syrup. 


NOW CONTAINS VITAMIN B12 


in coronary occlusion these patients helps normalize 


cholesterol and 
hypercholesterolemia deserve the fat metabolism 


diabetes potential in liver disease 


increases 


liver disorders benefits of this phospholipid turnover, 
reduces fatty deposits 


hypertension complete and stimulates 
regeneration 


obesity « nephrosis ... lipotropic formula... of new liver cells. 


Write for samples and detailed literature. 


U. S. VITAMIN CORPORATION 


CASIMIR FUNK LABORATORIES, INC. (affiliate) 
250 EAST 43rd STREET e NEW YORK 17, N.Y. 
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ROUTINE THERAPY FOR INTERNAL HEMORRHOIDS 


For the vast majority of cases of internal which this product enjoys, furnishes 
hemorrhoids requiring conservative definite evidence of its value in this 
treatment, the employment of RECTAL condition—particularly so when prompt 
MEDICONE appears clearly indicated. symptomatic relief is vital for the com- 
The enormous prescription demand fort and well-being of the patient. 


RECTAL E 


MEDICONE COMPANY: 225 VARICK STREET* NEW YORK 14, N.Y. 
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a new chapter 
in penicillin history 


Inszection BICILLIN 600 


a truly long-acting penicillin 


... for blood levels that extend 2 weeks or more—several times longer 
than those produced with any other penicillin preparation 


...for use when prolonged penicillin protection is desired: 
p To prevent recurrent attacks of rheumatic fever 


p> For prophylaxis after tonsillectomy or tooth extraction in 
cases of rheumatic fever, rheumatic heart disease or congenital 
heart disease 7 


» To prevent complications from secondary bacterial infections 
in virus diseases 


Valuable in pneumococcal, H. streptococcal and gonococcal infections. 
Supplied: INJECTION BICILLIN 600—600,000 units in 1 cc. Tubex® with sterile needle 


INJECTION 
BICILLIN* 600 


Benzethacil 


N,N’-dibenzylethylenediamine dipenicillin G 


® 


*Trademark 
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Introducing new flexibility in broad-spectrum 


antibiotic therapy with the most familiar and 
acceptable form of medication for your patients— 
well-tolerated, rapidly-effective Crystalline Terramycin 
Amphoteric Tablets (sugar coated) are prepared from 
é the pure, natural antibiotic substance, assuring 
availability throughout the pH range of the 


gastrointestinal tract. Will not contribute to gastric acidity. 


* 


4 tablets | 


world’s largest producer of antibiotics 


ANTIBIOTIC DIVISION, CHAS. PFIZER & CO..INC., BROOKLYN 6.N_Y. 


Supplied: 250 mg. tablets, bottles of 16 and 
100; 100 mg. and 50 mg. tablets, 


bottles of 25 and 100. : 
TERRAMYCIN 
PENICILLIN 


STREPTOMYCIN 


DIHYDROSTREPTOMYCIN 


COMBIOTIC 
POLYMYXIN | 


BACITRACIN. 
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“As a Life-saving Measure 


in Barbiturate Poisoning”* 


(Sodium Succinate — Brewer) 


IN TREATING BARBITURATE POISONING... 


SODUXIN An injectable solution of Sodium Succinate recently 
developed by Brewer research... SODUXIN has been 

iS SAFE found preferable to the convulsant drugs in the treat- 

‘ ment of accidental or suicidal over-dosage of any of the 


AN D barbiturates. 


TO REDUCE WAKING-TIME... 


NON-TOXIC! © SODUXIN has been used successfully to reduce the 
waking-time following prolonged barbiturate anesthesia 
...easily administered without special preparation of 
the patient, using same needle and venopuncture 
through which anesthetic was injected. SODUXIN is 
used immediately after the operative procedure is 
completed. J 


AVAILABLE: 10 cc. (3 Gm.) Ampuls 30%; box 6, 25 
20 cc. (6 Gm.) Ampuls 30%; box 6, 25 


*1. Barrett, R. H., The Analeptic Effect of Sodium Succinate on Barbiturate 
Depression in Man. Current Researches in Anesthesia and Analgesia. 
26: pages 74-81 and 105-113, March-April, May-June, 1947. 


2. Greenfield, Irving, Sodium Succinate as a Test of Circulatory Effi- 
ciency. Ann. Int. Med. 32: 524-527, March 1950. 


a For further information 
EST. 1952 just mail your Rx blank marked '3509 


BREWER & COMPANY, INC. WORCESTER 8, MASSACHUSETTS U.S.A. 
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sound to your films 


the new RCA lomm Magnetic Recorder-Projector 


Now ADD A SPARKLING, new sound 
track to every 16mm film you use. And do 
it in minutes—with the new RCA magnetic 
recorder-projector. 


It’s the easy, low-cost way to make your 
films work harder, offer more. With your 
own sound track on film—old films can tell 
a new story ...a general message can be 
made specific . . . scratched optical sound 
tracks can be replaced . . . films can speak 
two languages—one on optical track and 
the other on magnetic sound track. 


With this new RCA projector you can 
now add sound to your silent films after 
duplicating on single perforated stock. Or, 
put a new commentary on your sound films 
—without impairing your present optical 
sound track. Add a simple narration, or 
prepare a complete production in sound. 

It’s magnificent sound, because it’s mag- 
netically recorded sound. And it’s just as easy 
to prepare as a tape recording. To make 
your own sound track with the RCA mag- 
netic recorder-projector, here’s all you do. 


VISUAL PRODUETS 


RADIO 


1. HAVE MAGNETIC STRIPE 
ADDED TO YOUR FILM 
Laboratories are set up to add 
a narrow magnetic stripe to 
your films quickly, expertly— 
for only a few cents a foot. 
Exposed film or raw stock can 
be striped. Sixteen- or 24- 
frame speed can be used. Double-perforated films 
(films with two sets of sprocket holes) must be dupli- 
cated on single-perforation stock. 


2. THREAD PROJECTOR 
AND SET CONTROLS 
Thread the RCA projector as 
you would for a regular show- 
ing. Turn knobs to ‘‘record’’ 
position, thread film over mag- 
netic recording heads and 
you’re ready to record. No 
extra gadgets to attach. No extra equipment to set up. 


3. WATCH PICTUREF— 
SPEAK INTO 
MICROPHONE | 

Record your message on film 

as you watch the picture. 

Stop... erase... re-record 

at any time. You can plan 

your recording for a single 
showing—or use it over and 
over again. 


CORPORATION of AMERIEA 


Compare sound reproduction 
before you buy 
Listen to the magnificent sound reproduc- 
tion from the RCA magnetic recorder 
projector before you buy any type of sound 
projector. You’ve never heard such faithful 
sound on 16mm film. And RCA’s quiet 
projector mechanism—the famous “‘thread- 


easy” mechanism—keeps irritating projector 


noise out of your recording. For a superb 
presentation of either optically or magnet- 
ically recorded films, listen to the RCA 
magnetic recorder-projector. Listen... 


compare .. . before you buy. 


For New, Free Bulletin 


MAIL COUPON NOW 


Visual Products. Dept. 1761 
Radio Corporation of America, 
Camden, N. J. 


Please send me your new, free bulletin, “RCA 
Magnetic Recorder-Projector.”” 


Name. 
Title 
Organization 


Address 
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balance emotional extremes... . 


Waren depression and fear obstruct the course of convales- 
cence, consider the sound therapy of DEsoxyn & NEMBUTAL. 
Now, both drugs are combined in a single capsule—blending 


in balanced proportion the beneficial effects of each: 


drugs 


DESOXYN (5 mg.) relieves depression, dis- 
pels fatigue. More potent, milligram for mil- 
ligram, than other sympathomimetic amines, 
Desoxyn provides the euphoria desired with 
smaller dosage, quicker action, longer effect 
and fewer side-effects. 


NEMBUTAL (30 mg.) offers sufficient seda- 
tion to relax inner tensions and quiet the 
patient’s fears. In equal oral doses, no other 
barbiturate combines quicker, briefer, more pro- 


found effect. 


Thus, the two drugs complement each other in their ac- 


tion. And, because DEsoxyn is an effective anoretic, you'll 
find Desoxyn & NEMBUTAL capsules of value in the manage- 


ment of obesity where the patient is restless or tense. 


Available at all prescription pharmacies 
in bottles of 100 and 1000 capsules. Obbott 


combined in a single capsule 


Desoxyn & Nembutal 


(Methamphetamine Hydrochloride and Pentobarbital Sodium, Abbott) 


DESOXYN, 
5 mg. 


NEMBUTAL, 
30 mg. (% gr.) 
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foe full analgesia 
on small . 


When pain is too severe for relief by common 
analgesics, the use of Phenaphen with Codeine can 
often postpone or avoid resort to other narcotics. 
The additive influence of Phenaphen’s ingredients — 
phenacetin, aspirin, phenobarbital and hyoscyamine 
sulfate—synergizes its codeine phosphate... permits 
its use in small dosage, free from its frequently 
adverse side-effects. Phenaphen with Codeine 

treats not only the pain, but “patients in pain” 

.-. easing the entire pain reaction pattern. 


(The original formula) 


PHENAPHEN WITH CODEINE PHOSPHATE % GR. 
(Phenaphen No. 2) 


PHENAPHEN WITH CODEINE PHOSPHATE ¥ GR. 
(Phenaphen No. 3) 


A. H. ROBINS CO., INC. RICHMOND 20, VA. 
Ethical Pharmaceuticals of Merit since 1878 


Phenaphen: 
wit Codeine 
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J 
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the natural 
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formula: 


Each tablet or capsule, 
and each 5cc. of elixir 
contains: hyoscyamine 
sulfate, 0.1037 mg., 
atropine sulfate, 
0.0194 mg., hyoscine 
hydrobromide, 0.0065 
mg., phenobarbital | 
(14 gr.) 16.2 mg. 


A. H. ROBINS CO., INC. 
RICHMOND 20, VA. 


Ethical Pharmaceuticals 
of Merit since 1878 


Prescribed by more doctors 


than any other antispasmodic 
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to reduce blood pressure 
and relieve 


hypertensive symptoms 


TRADEMARK CHEORIDE 
thrand of hexamethonium chloride} 


a new oral hypotensive 


Blood pressure profoundly altered 


Marked reduction in blood pressure in many cases of essential hyperten- 
sion has been achieved with orally administered Methium. A ganglionic 
blocking agent which inhibits vasoconstricting impulses through the 
autonomic nervous system, Methium frequently returns pressure to 
normal or near normal levels. Extensive use indicates that it may be 
effective where other therapy has failed. 


Symptomatic improvement 


Disappearance of headache, dizziness, fatigue, palpitation normally 
occurs as pressure subsides. However, even where pressure may not be 
lowered, relief of hypertensive symptoms with Methium is often 
possible. Marked reduction will not, of course, occur in all cases, may 
not be advisable for some. 


Long term therapy 


The objective of Methium therapy is to lower blood pressure gradually 
with dosage slowly increased over several days or weeks. Once maxi- 
mum reduction is reached, it can often be maintained indefinitely. 


Methium should be prescribed with due regard for the drug’s potency, and great 
care is advised in impaired renal function, coronary artery disease and existing or 
possible cerebral vascular accidents. Complete information on the use of Methium 
will be sent promptly on written request. 


Methium is available in both 125 mg. and 250 mg. tablets in bottles of 100 and 500. 


CHIL EC OTT 


MORRIS PLAINS, NEW JERSEY 


FORMERLY THE MALTINE COMPANY 
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in hypertension 


Pertenal maintains pressure at more normal levels — eases 
stress on the heart 


e relieves worry, restlessness, insomnia 
e alleviates gastro-intestinal symptoms 


e allays mental and physical tension 


Pertenal 


This logical “whole-patient” approach helps 
the patient on Pertenal to live a more 
comfortable, more serene, often longer life. 


to live a more comfortable, more serene, often longer life 


Each Pertenal tablet contains: 


Veratrum Viride 
(the complex from the whole powdered drug ) 


Homatropine Methyl Bromide 
Mannitol Hexanitrate 
Phenobarbital . 


Detailed literature and samples to physicians on request. 


CROOKES LABORATORIES, ING. 


26 
260 |= | 
= 
240 
| =| 230 
220 | =| 
200 = | 
| — 
} 
| a] 


Mandelamine’ 


persistently effective .. 
well-tolerated 


Mandelamine provides broad therapeutic 
activity in all the common urinary infections. 
This activity is often retained even against 
organisms which have become resistant 

to other antibacterial agents. 


Mandelamine, in contradistinction to many 
other antibacterial agents, demonstrates 

a remarkable lack of toxicity as might be 
manifested by gastric upset, skin rashes 

or monilial overgrowth. Agranulocytosis 
and other blood dyscrasias have not 

been reported. 


Mandelamine has the added advantages 
of being easy to administer and being 
economical for the patient. 


a therapy of choice 
In urinary antisepsis 


Mandelamine is often preferred in the management 
of pyelitis, cystitis, pyelonephritis, nonspecific 
urethritis, prostatitis, and infections 

associated with neurogenic bladder and 

urinary calculi, as well as for preoperative and 
postoperative prophylaxis in urologic surgery. 
Supplied: Enteric-coated tablets containing 0.25 Gm. 

(334 gr.) methenamine mandelate — bottles 

of 120, 500 and 1,000. 

Dosage: Adults, 3 or 4 tablets t.i.d.; children, in proportion. 


*Mandelamine is the registered trademark of Nepera 
Chemical Co., Inc., for its brand of methenamine mandelate. 


Nepera Chemical Co., Inc. Pharmaceutical Manufacturers, Nepera Park, Yonkers 2, N. Y. 
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& 
OctTin - spasmolytic and sympathomimetic 


|... relaxation of smooth muscle spasm 
especially of the genito-urinary and 
gastro-intestinal tracts 

2...in migraine and related headaches. 


DOSE: Oral, | or 2 Octin tablets, 
| additional tablet in three 
to four hours. 
Intramuscular injection, '2 to | ce. 
Give test dose to determine absence 
of sensitivity and excessive hyperten- 
sive reaction. 


Octin ® brand of Isometheptene, methylisooctenylamine. 


Bilhuber-Knoll Corp. Orange, N. J. 


is a Consideration 
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in ARTHRITIS 


and allied disorders 


BUTAZOLIDIN 


(brand of phenylbutazone* 


New... 


Noatiomont... for relief of pain plus 


Orally Effective... 


aa improvement of function 


Now available on prescription, BUTAZOLIDIN is a new and potent 
agent that has yielded outstandingly favorable results in arthritis 
and other painful musculoskeletal disorders. 


On the basis of the first national reports!-* BUTAZOLIDIN: 


¢ Produces therapeutic benefit in virtually all forms of arthritis 
and allied disorders such as bursitis and fibrositis. 


e Effectively relieves pain in approximately 75 per cent of non- 
gouty cases and in almost 100 per cent of cases of acute gout. 


¢ Affords functional improvement ranging up to complete remis- 
sion in a substantial proportion of treated cases. 


_ A totally new synthetic, BUTAZOLIDIN is chemically unrelated to 
the steroid hormones. It is orally effective and seldom produces 
toxic reaction of a serious character. Moderate in cost, BUTAZOL- | 
IDIN may be prescribed even for patients of limited means. 


‘eas *U. S. PAT. NO. 2,562,830 
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1. Kuzell, W. C.; Schaffarzick, R. W.; Brown, B., and Mankle, E. A.: Phenylbutazone 
(Butazolidin) in Rheumatoid Arthritis and Gout. J.A.M.A. 149:729 (June 21) 1952. 
2. Steinbrocker, O.; Berkowitz, S.; Carp, S.; Ehrlich, M., and Elkind, M.: Therapeutic 
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In order to ensure optimal results and to avoid untoward reactions, 
physicians are urged to send for the BUTAZOLIDIN brechure or to 


read the package circular carefully before prescribing. 


GEIGY PHARMACEUTICALS 


Division of Geigy Company, Inc., 220 Church Street, New York 13, > 
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a new 
synthetic 
narcotic 


for longer-lasting 
pain relief 


DROMORAN MORPHINE 
SIDE EFFECTS *Dose: 15 mg (1/4 gr) 


Pain Relief: 4 to 6 hrs 


diminished urine frequent 


Comparison — 
of constipation frequent 


Dromoran 
and disorientation frequent 


Morphine 


depressed appetite frequent 


nausea occasional 


vomiting occasional 


Caution: Dromoran is a narcotic analgesic. It has 
addiction liability equal to morphine and for this reason 
the same precautions should be taken in administering 
the drug as with morphine. 


DROMORAN ®—»rand of methorphinan (dl-3-hydroxy-N-methy!- 


morphinan) 


DROMORAN 


(dl) Hydrobromide 


Horrmann- La Inc. RocHe Park Nutirey 10 New JERSEY 


*Average dose 


30 
on 
cH, | CH; 
\ 
oH 
‘ROCHE’ 


Neobacin, a combination of bacitracin and 
neomycin, is an antibiotic mixture of broad 
clinical applicability. Neomycin is effective -pri- 
marily against gram-negative organisms, but 
also exhibits some activity against gram-posi- 
tive cocci. Bacitracin is well known for its effi- 
cacy against gram-positive bacteria. 

Both bacitracin and neomycin, when used 
topically, are notable for their low rate of aller- 
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NEOBACIN 


BACITRACIN-NEOMYCIN 
A Wide Spectrum Antibiotic Combination of Broad Clinical Values 


genicity. In addition, they are rapidly effective 
against a wide range of organisms that infect 
the skin, making this combination especially 
valuable in topical therapy. 

When given by mouth, neither bacitracin nor 
neomycin is absorbed from the intestinal tract 
to any appreciable extent. Hence this combina- 
tion lends itself well to the treatment of many 
intestinal infections and specific dysenteries. 


A DIVISION OF COMMERCIAL SOLVENTS CORPORATION, 260 MADISON AVE., NEW YORK 16, N.Y. 


OINTMENT | 
Specific Therapy in 
Many Cyraneovs infections NEOB ACIN TABLETS 
its wide antibacterial spectrum and low allergic Effective in wide Range 
potentialities make Neobaci" Ointment highly use’ Dys ent eries on d Int estin al inf est ations 
ful in the treatment of many skin conditions: Each 
grom of this dvol antibiotic ointment contains 500 Several clinical studies have establisned the 
units of pacitracin and 3.5 mg- of neomyci™ as the gependovle yalve of Neobacin Tablets an infec 
sulfate, petroiatum basé- tious diarrhe? and amebiasis: not only in 
Neoboci" Ointment does not sting or burn on and infants, but in adults oS well. The antibiotics of 
application and is odorless and stainless pro” Neobacin. remaining ynabsorbed in the intestinal 
duces outstanding results i" impetig? contagios®: tract, ore highly destructive for the causative or- 
infected skin \esions, infectious germatitiss infected ganisms in these conditions: resulting in prompt 
ringwor™ and chronic skin yicers with gecondory clinic! cures ino high percentad® of patients: 
infection: It is yavable for the prevention of Each Neobacin Tablet contains 25 mg: of neo” 
infection in minor cuts, urns, wounds and abro” mycin pase and not less thon 9,500 ynits of baci 
sions: gracin. The average dose one to three tablets 
Neobacin Ointment is supplied in V2 OF pubes: four times gaily. For infants, the tablet is crushed 
each poxed: and mixed with jelly sytuP- = 
Neoboc" Tablets are supplied in bottles of 
30 rablets- 
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‘Carbo- Resin’ Therapy 
Simplifies Control of Edema 


e Permits more liberal salt intake, enhances 
palatability of diet 


Safely removes sodium from intestinal tract 


and prevents its reabsorption 


Decreases the frequency of need for mercurial 
diuretics by potentiating their effectiveness 


May be lifesaving therapy for patients who 
have developed a resistance to mercury 


Useful in congestive heart failure, cirrhosis 
of the liver, edema of pregnancy, hyperten- 
sion, or whenever salt restriction is advisable 


Eli Lilly and Company « Indianapolis 6, Indiana, U.S.A. 


New recipe book helps keep patrents on ‘Carbo-Resin’ 


A new unflavored 'Carbo-Resin,’ which can be incorporated in 
cookies, puddings, fruit juices, and the like, is now available. Printed 
recipes giving complete directions for preparing a variety of tasty 
dosage forms in the home can be obtained from the Lilly medical 
service representative or direct from Indianapolis upon request. 


CAUTION: Only unflavored 'Carbo-Resin’ is suitable for incor- 
poration in recipes. 


PRESCRIBE FLAVORED OR UNFLAVORED 


Carbo-Resin 


(SODIUM REMOVING RESINS, LILLY) 
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Thermodynamic, Kinetic and 


Biologic Stability 


the abundances of the various tissue con- 

stituents to remain relatively constant or, 
more precisely, to fluctuate within well defined 
and often narrow limits. The physician takes 
cognizance of this generalization every time he 
orders a quantitative chemical procedure to be 
performed upon a patient. Whereas the clinician 
is interested chiefly in the diagnostic significance 
of values falling outside the limits of normal, the 
biochemist is more frequently concerned with 
the mechanisms which may operate to preserve 
the constancy of composition of normal tissues. 
In the ensuing analysis of these mechanisms we 
shall not concern ourselves with the neural and 
humoral agents that have been described as 
contributing to homeostasis but shall treat with 
the question of steadiness of chemical composi- 
tion at what has been termed the “substrate 
level.” 

Thermodynamic Equilibrium. If a system is at 
the lowest level of free energy attainable at a 
given temperature, that system is said to be in 
equilibrium. Regardless of passage of time that 
system will undergo no spontaneous change 
since spontaneous change must always involve 
loss of free energy to the environment. The usual 
mechanical analogy for this situation is the ball 
which has rolled to the bottom of the valley. In 
Figure 1 the ordinates are free energy (F) while 
the abscissas represent displacement (C). The 
same point of ultimate arrest will spontaneously 
be approached, whether from the right or the 
left, and this is a general characteristic of 
equilibrium. It will further be noted that the 
equilibrium point, on these coordinates, is a 
minimum and, as is always the case with 
minima, dF/dC = 0, meaning that an infini- 


T normal adult man there is a tendency for 


tesimal displacement of the ball to one side or 
the other entails no change in free energy. 

Equilibrium is not merely any state in which 
no change is apparent. It is, on the contrary, a 
very particular and precisely defined state from 
which no spontaneous change is possible and is 
defined simply by the equation: 


AF = 0 


Despite the elegance of this definition and the 
respectability which it has acquired over the 
years, the term equilibrium is frequently loosely 
and inaccurately employed. Statements to the 
contrary notwithstanding, the amino acids of 
the body are not in equilibrium with body 
protein. The hydrolysis of protein by water is 
strongly exergonic and the reaction proceeds 
essentially to completion, albeit slowly if not 
catalyzed. Were these nitrogenous constituents 
truly in equilibrium with each other, one would 
find essentially all of the nitrogen as amino acid, 
practically none as protein, whereas in the living 
organism the situation is almost the opposite. 
This is an example of one of the many processes 
which during life may operate steadily although 
at a point very remote from equilibrium and 
these processes approach equilibrium only in the 
autolysis and decay of death. Indeed, the living 
organism may be differentiated at a biochemical 
level from the dead one by its capacity, when 
supplied with exogenous energy, to operate 
steadily yet in disequilibrium. 

Equilibrium does contribute to the chemical 
steadiness of the organism in certain regards. 
The body fluids are approximately saturated 
with respect to the ions of bone salt and the 
continuous equilibration of plasma with bone 
mineral tends to preserve the concentration of 
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these ions at uniform levels in solution. The 
solution of bone salts is a process which operates 
close to equilibrium in contrast to the hydrolysis 
of tissue protein which operates remote from 
equilibrium. 

Kinetic Stability. Essentially all organic com- 
pounds release free energy when they react with 


A 


dF/dC=0 
C 


Fic. 1. Thermodynamic equilibrium. 


oxygen to yield CO», H2O and other products. 
Despite this fact many organic compounds, 
e.g., glucose, may be stored in the pure state 
in the presence of oxygen for years without 
detectable deterioration. This stability, which is 
clearly not a result of equilibrium, is termed 
kinetic stability and may be represented by 
analogy as in Figure 2. The ball has become 
caught in a crevasse and cannot roll into the 
valley of equilibrium. If a small amount of work 
(E) is done to lift the ball over the lip of the 
crevasse, it can then roll to equilibrium, releasing 
free energy (AF) as it does so. 

When dealing with a large population of 
molecules one must extend this analogy some- 
what. All molecules are possessed of some ther- 
mal energy, as measured by the temperature, 
and in a kinetic state are continuously colliding 
and transferring energy from one to another. It 
must therefore be anticipated that from time to 
time one molecule will acquire from its neigh- 
bors sufficient energy to climb over the energy 
impediment (E) and roll down the hill. Clearly 
the rate of a chemical reaction, or the number 
of molecules which will be excited to roll down 
the energy hill per unit time, will depend upon 
the magnitude of the activation energy, E, and 
the temperature, T. The relationship between 


these quantities and the velocity constant of a 
reaction, k, is given by: 


k = 


where A and R are constants and the exponen- 
tial e~®’® is the fraction of all the molecules 
which at any moment have sufficient energy to 


Fic. 2. Kinetic stability. 


exceed the activation energy. If this fraction is 
very small, as it will be if E is large or if T is 
small, the reaction velocity becomes very small. 
Increasing the temperature or decreasing the 
activation energy will increase the value of 
e-¥/RT and consequently will accelerate the 
reaction. 

Appreciable kinetic stability or metastability 
will be observed in chemical systems of high 
activation energy, especially at low tempera- 
tures. The activation energy for the denaturation 
of proteins is often extremely high so that, 
despite the exergonic nature of protein hy- 
drolysis, solutions of proteins such as insulin 
may often be kept for long periods without 
appreciable decay, particularly if kept in the 
refrigerator. 

It is the function of enzymes to accelerate 
chemical reactions and this they do by lowering 
the activation energy (E). The same glucose 
which undergoes no detectable decay in the 
pure state may disappear in a matter of minutes 
in contact with suitable enzyme preparations 
such as those of yeast or muscle. Likewise, living 
cells contain proteolytic enzymes which acceler- 
ate markedly the rates of hydrolysis of proteins. 
For these reasons, substrates in the animal 
exhibit in general less kinetic stability than do 
the same compounds in the pure state. 

Kinetic stability is, however, a factor to be 
reckoned with in accounting for the constancy 
of certain body constituents. Thus collagen is an 
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extracellular protein which is not only highly 
insoluble but is also apparently remotely 
situated from any enzyme capable of activating 
it. There is evidence that, once deposited, a 
molecule of collagen has an excellent probability 
of outliving the animal that harbors it. 

Dynamic Steady State. It is clear that neither 
thermodynamic equilibrium nor kinetic stability 
will satisfactorily account for all the known 
examples of constancy of composition of biologic 
systems since many compounds of the body are 
known to be in a state of continuous turnover. 
This implies that whereas the total number of 
molecules of a given species may remain sensibly 
constant, a portion of this population of mole- 
cules is each day being destroyed or excreted 
and is simultaneously replaced by new molecules 
of biosynthetic or dietary origin. The late 
G. Bernard Shaw, inveterate writer of prefaces, 
summarized this condition in a preface, written 
in 1905, to a novel written by him in 1880:! 

**At present, of course, I am not the author of 
The Irrational Knot. Physiologists inform us 
that the substance of our bodies (and conse- 
quently of our souls) is shed and renewed at 
such a rate that no part of us lasts longer than 
eight years: I am therefore not now in any atom 
of me the person who wrote The Irrational Knot 
in 1880. The last of that author perished in 1888; 
and two of his successors have since joined the 
majority. Fourth of his line, I cannot be ex- 
pected to take any very lively interest in the 
novels of my literary great-grandfather.”’ 

It is now known that the fat of liver and of 
depot, the glycogen of muscle and liver, the 
several proteins of plasma and internal organs, 
the glucose and cholesterol of the blood, as well 
as numerous other tissue components undergo 
continuous turnover in the adult animal in bal- 
ance, each at its own peculiar rate. The mechan- 
ical analogy is indicated in Figure 3, wherein 
balls are shown to be continuously rolling down 
the energy hill only to be replaced by new balls 
that have been pumped up to a higher energy 
level by some separate process. The number of 
molecules at the peak of the energy curve is 
reasonably constant only if the rate at which 
new molecules are being generated is matched 
by the rate at which old molecules decay. Any 
imbalance in these two rates will result in a 
change in composition and, in general, it is 
to such an imbalance that abnormal analytic 


1 Suaw, G. B. The Irrational Knot. New York, 1905. 
Brentano’s, 
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values determined in the clinical laboratory 
must be attributed. A rise above normal limits 
in the concentration of glucose in the blood is, 
therefore, a reflection either of an increase in 
the rate at which glucose enters the blood, or of 
a decrease in the rate at which it is removed 


REngine 


Fic. 3. Dynamic steady state. 


from the blood, or a combination of these two 
disturbances. 

Many metabolites are formed in the body by 
processes which consume energy. The continu- 
ous regeneration of these molecules requires the 
operation of an engine and the immediate fuel 
for this engine appears to be, in many cases, the 
chemical energy of adenosine triphosphate and 
other phosphate compounds. The ultimate en- 
ergy source is, of course, solar radiation which 
during photosynthesis exalts electrons from the 
low energy level of water to the higher energy 
levels found in organic foodstuffs. During the 
respiratory phase of mammalian metabolism 
energy-rich electrons of the nutrient cascade 
downward by a series of steps until they are 
returned to the low energy level of water and, 
coupled with the energy released by this cascade, 
energy-rich phosphate compounds, the immedi- 
ate fuel of the engine, are formed. 

What happens when the engine fails? Such 
balls (Fig. 3) as are at energy levels above that 
of equilibrium will continue to roll down the 
hill. This decline in energy level may be slow 
insofar as there may be steps at which activa- 
tion energy is required. Inevitably, however, 
the lowest possible level of free energy, the 
equilibrium point, will be attained. With the 
engine no longer operative, no balls will be 
hoisted to the high energy level and the system 
runs down. This is a picture of the dead, not of 
the living organism. 

Final assessment of the contributions to bio- 
chemical stability of the three factors which 
have been discussed can certainly not be made 
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at this time. The role of thermodynamic equi- 
librium is limited by virtue of the fact that so 
many biologic processes are adjusted to operate 
at points remote from the equilibrium point. Ki- 
netic stability in a biologic system undoubtedly 
contributes to the constancy of chemical com- 
position with the proviso that it is the function 
of enzymes to reduce kinetic stability. The sta- 
bilizing factor which is more or less peculiar to 


living systems is the dynamic steady state in 
which energy-linked synthetic processes offset 
spontaneous degradative processes to maintain, 
in the normal animal, the required degree of 
constancy of chemical composition. 

STETTEN, JR., M.D., Ph.p. 

Public Health Research Institute 

of the City of New York, Inc. 

New York, N.Y. 
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Clinical Studies 


Parahemophilia in Three Siblings 


(Owren’s Disease) 


With Studies on Certain Plasma Components Affecting 


Prothrombin Conversion 


BENJAMIN ALEXANDER, M.D. and ROBERT GOLDSTEIN, M.D. 


Boston, Massachusetts 


LTHOUGH the importance of plasma and 
A serum constituents in prothrombin 
conversion is well recognized, the 
relationship between the numerous entities 
described by many observers is still obscure. 
Rapid thrombin formation requires the so- 
called ‘‘labile factor” (L.F.), deterioration of 
which explains the retarded prothrombin con- 
version of aged plasma.'? Ware and col- 
leagues,*;4 and Fantl and Nance® also have 
demonstrated the existence of non-prothrombin 
plasma factors which affect the velocity of pro- 
thrombin conversion, referring to their sub- 
stances as the plasma accelerator globulin 
(Ac-globulin) and ‘‘prothrombin accelerator,” 
respectively. 

The pathologic and clinical significance of 
inadequacy of such an entity is becoming in- 
creasingly evident. Sykes and associates® have 
described plasma Ac-globulin deficiency in ex- 
perimentally induced liver poisoning, and 
Alexander and Goldstein’ found Ac-globulin 
and L.F. deficiency in severe hepatic disease in 
man. Similarly, Owren**® presented an ex- 
haustive clinical and laboratory study of a 
unique patient congenitally deficient in a plasma 
constituent essential for rapid thrombin forma- 
tion which he originally termed ‘‘factor V’’ and 
later renamed ‘“‘proaccelerin.”?® The hemor- 
rhagic diathesis associated with this defect was 
termed ‘‘parahemophilia” because the elevated 
clotting time simulated that observed in hemo- 
philia. Additional cases have recently been 
reported by de Vries et al.! 


It is highly unlikely that these entities repre- 
sent different substances. It would be more 
reasonable to assume that they are identical or 
closely related and that reported differences are 
only apparent, reflecting differences in technics 
of study, in species and in interpretations. How- 
ever, definite proof regarding the identity of all 
these moieties is still lacking. 

The purpose of this article is to present ob- 
servations on three siblings with a clotting defect 
indistinguishable from Owren’s original case of 
parahemophilia. The data warrant the con- 
clusion that L.F., the factor of Fantl and Nance, 
plasma Ac-globulin and factor V are all identical. 
The information also indicates the unequivocal 
difference between this factor and the pro- 
thrombin conversion accelerator found in serum 


(SPCA). 12,13,14 


CASE REPORTS 


M. G. (M-17221), a seventeen year old white 
school girl of Italian extraction, was admitted 
on December 26, 1950, having been referred by 
Dr. Ralph Gancher of Waterbury, Connecticut, 
with a diagnosis of idiopathic hypoprothrombi- 
nemia. Hemorrhagic phenomena were first noted 
at the age of five following a tonsillectomy, re- 
quiring transfusion. Thereafter the patient 
experienced many bleeding episodes: innu- 
merable epistaxes, easy bruising, severe hemor- 
rhages following tooth extractions, severe bleed- 
ing after an eyebrow cyst was lanced and profuse 
menorrhagia. She had also noted persistent 
bleeding following cuts, lacerations and con- 


*From the Yamins Research Laboratory, Beth Israel Hospital, and the Department of Medicine, Harvard 
Medical School, Boston, Mass. Supported by a grant from the United States Public Health Service and an institutional 
grant to Harvard University from the American Cancer Society. 
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tusions, and ease of fatigue, dyspnea on exertion 
and occasional giddiness. The patient had had 
no joint, pulmonary, gastrointestinal or urinary 
tract bleeding, and her past history was other- 
wise non-contributory. There was no history of 
a hemorrhagic diathesis in the family; the 
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or adenopathy. The heart and lungs were 
normal, as was the abdomen. Liver and spleen 
were not palpable or enlarged to percussion. 
Extremities were normal. Blood pressure was 
118/62; capillary fragility was normal. 

Routine tests revealed the urine to be nega- 


TABLE I 
SALIENT CHARACTERISTICS OF PARAHEMOPHILIA IN THREE SIBLINGS 


Subject 


M. G., 0+ 


A. G., 04- 


17 yr. 
0 


Hemorrhagic phenomena 
Other defects 

Capillary fragility 
Platelets 


Normal 


230,000 per cu. mm. 


Abundant on smear 


24-32+ (2-5)Tf 25+ 
39-45 (6-14) 31 


Clot retraction Normal 
Prothrombin time (sec.).................. 
Whole plasma 
Dilution technic 
Two-stage prothrombin (units/ml.) 
Without Ac-globulin supplement 
With Ac-globulin supplement 
Ac-globulin (per cent of normal) 
Serum prothrombin (units/ml.) 
20’ after blood shed 
40’ after blood shed 
60’ after blood shed 
SPCA elaboration 


100-188 


Normal 


Too small to measure 


Normal 


44-67 (15-16) t 45 
33-46 (26-30) ¢ 43 


Too small to measure | Too small to measure 
141-168 


Normal Normal 


* Epidermolysis bullosa congenitalis. 


+ Values in parentheses represent the normal values obtained in our laboratories. 


mother and father are living and well, as are 
several aunts and uncles. 

Two years prior to admission the patient had 
been studied at the Waterbury Hospital where 
a diagnosis of idiopathic hypoprothrombinemia 
was made. At that time the bleeding and 
clotting times were reported to be five minutes, 
respectively, and the plasma prothrombin was 
said to be 10 per cent of normal. Plasma protein 
concentration, fibrinogen, blood ascorbic acid, 
platelet count and marrow were described as 
normal. For one year prior to admission the 
patient had received injections of vitamin K 
and liver extract weekly with no _ beneficial 
effect. 

Physical examination was not remarkable 
except for moderate pallor and a few small 
generalized ecchymoses. There was no icterus 


tive, red blood count 3.1 million, hemoglobin 
7 gm. per cent, white blood count 4,700, with a 
normal differential. Hematocrit, 25 per cent 
packed cells. Platelet count was 230,000 per cu. 
mm. The clotting time (Lee-White at 37°c.) 
was repeatedly elevated to approximately 
forty-five minutes (normal eight to fifteen 
minutes); bleeding time (Duke) exceeded 
thirty-two minutes; clot retraction normal. 
Blood group was A, Rh negative. Blood bili- 
rubin was 0.6 mg. per cent: total protein, 
7.3 gm. per cent; albumin 4.9 gm. per cent; 
globulin 2.4 gm. per cent; thymol turbidity, 
5.6 units; cephalin flocculation test 2+-; Hinton 
test was negative. 

The patient was readmitted on July 10, 1951, 
for extraction of two carious teeth. The findings 
were essentially unchanged; clotting time, 
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39 minutes; bleeding time, 24.5 minutes; clot 
retraction normal; capillary fragility normal. 
Profound anemia was again observed. 

The two siblings had never experienced frank 
hemorrhagic episodes although they showed 


TABLE II 
PLASMA PROTHROMBIC ACTIVITY IN PARAHEMOPHILIA 


One-Stage Two-Stage 


1:10 Dilution 
with BaSO. 
Normal Plasma 


Without| With 
Ac- Ac- 
globulin | globulin 


Whole Plasma 


Pro- Pro- 


Activity Activity 


Time Time 
(sec.) (% of (sec.) Pata? plasma) 


normal) 


Patient M. G. 


12/26/50 
12/27/50 
12/28/50 
7/10/51 
7/13/51 
7/17/51 
7/23/51 


67(15)* 
59(15) 
55(16) 
58(15) 
54(16) 
54(—) 
44(15) 


38(30) * 
34(26) 
33(28) 
41(30) 
45(29) 
46(—) 
43(30) 


Patient A. G. 


7/10/51 
7/23/51 


43(15) 
48(15) 


35(30) 
37(30) 


Subject J. G. 


7/23/51 | 45(15) 5 43(30) 50 <5 


Patients M. G., A. G., J. G. Plasmas from Each 
Mixed in Equiproportion 


7/23/51 


44(15) | | 


_ * Figures in parentheses denote prothrombin times on normal plasma 
obtained concurrently under the same conditions. The prothrombin 
time of the BaSOu adsorbed normal plasma was greater than 180 sec- 
onds. Ac-globulin supplement in the two-stage system consisted of 
bovine BaCOs; adsorbed serum (1:150 dilution) according to the 
method of Ware and Seegers.!8 Two-stage prothrombin values of 
normal plasma in our laboratories are 200-300 units per ml. 

the same clotting defect and elevated bleeding 
time. A. G., a fifteen year old sister, suffered 
from epidermolysis bullosa congenitalis* but 
was otherwise well, as was the four year old 
brother, J. G. The blood of A. G. and J. G. were 
type A and B, respectively, both Rh positive. 
Blood from the parents showed no clotting 
abnormalities. 

* To exclude the possibility that this skin disorder is 
associated with a coagulation defect, clotting studies 
were performed on another patient with this disease; 
no abnormality was detected. 
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The results of the laboratory investigations 
on the patient and her siblings are recorded 
hereinafter. A description of the methods and 
materials employed is presented with each 
experiment. 


135 @—@ BEFORE TRANSFUSION — NO AC-GLOBULIN SUPPLEMENT 


O-—O IMMEDIATELY AFTER TRANSFUSION — NO AC-GLOBULIN 
SUPPLEMENT 


X—X BEFORE TRANSFUSION — AC-GLOBULIN SUPPLEMENT 
AS BOVINE BACO, SERUM 


CLOTTING TIME (SEC.) OF STANDARD FIBRINOGEN SOLUTION 


INCUBATION TIME — MINUTES 


Fic. 1. Two-stage prothrombin conversion in para- 
hemophiliac M. G. Ac-globulin supplemented as a 
1:150 dilution of bovine BaCO; adsorbed serum.!® 


RESULTS 


The salient clinical and laboratory features 
of our cases of parahemophilia are presented 
in Table 1. 

Prothrombic Activity—One Stage. The pro- 
thrombin time of the undiluted plasma of the 
three subjects, determined by the orthodox pro- 
cedure of Quick'!® employing rabbit brain 
thromboplastin (difco®), was found repeatedly 
elevated to between 45 and 67 seconds. (Table 1.) 
These values represent approximately 2 to 5 per 
cent of normal prothrombic activity. By the 
modified procedure!® in which the test plasma 
is diluted with normal plasma deprothrombin- 
ated by BaSQO, adsorption,* the prothrombic 
activity was 44 to 70 per cent of normal. 
(Table 1.) The same results were obtained when 
human brain thromboplastin (acetone dehy- 
drated) was substituted for rabbit brain. 

Comment: The prothrombin times of the whole 

* Hereafter referred to as ““BaSO, plasma.” It should 
be pointed out that preparations of BaSO, may differ 
in their adsorbing capacity. Thus BaSO, Baker has 


tenfold the capacity of BaSO, Merck. We use Baker 
BaSO, (C. P.) exclusively. 


| | 
9 
ment ment ° 
(units (units 75 
per ml. | per ml. 
of 
plasma) 60 
45 
2 | 54 <5 122 os 
3 70 <5 185 
3 68 <5 188 
3 52 <5 120 
3 45 106 
3 45 100 
5 | 50 <5 156 
| 
5 p 68 <5 141 
; 5 57 <5 168 
| 180 
| 
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oxalated plasma in parahemophilia were mark- 
edly elevated but this was rectified by the 
admixture of deprothrombinated normal plasma. 
Mild to moderate hypoprothrombinemia was 
also evident. 


70 NORMAL PLASMA 
PATIENT PLASMA 


PROTHROMBIN TIME OF MIXTURE-SECONDS 


PER CENT TEST PLASMA IN TEST PLASMA-AGED PLASMA MIXTURE 


Fic. 2. Labile factor activity of parahemophilic (M. G.) 
plasma compared with normal plasma. Test plasmas 
were mixed with aged normal plasma in concentra- 
tions indicated. 


Two-stage Prothrombin. ‘Two-stage thrombin 
formation was negligible both in quantity and 
velocity when measured by the orthodox two- 
stage method (without Ac-globulin § supple- 
ment).'’ In striking contrast substantial pro- 


100 
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was negligible unless a non-prothrombin factor 
(Ac-globulin) was supplemented. Under the 
latter conditions, also, some degree of hypo- 
prothrombinemia was demonstrable, comparable 
to the one-stage values. 

Labile Factor Activity. L.F. is measurable by 
its ability to rectify the retarded prothrombin 
conversion of aged normal plasma.!* The activity 
of parahemophilic plasma was extremely low in 
this regard. Whereas one part of normal plasma 
added to four of aged plasma lowered the 
prothrombin time from 69 seconds to 21 seconds, 
M. G.’s plasma could lower the prothrombin 
time only to 57 seconds. (Fig. 2.) On another 
occasion plasma from M. G., A. G. and J. G. 
could lower an aged plasma prothrombin time 
only from 95 seconds to 66, 54 and 60 seconds, 
respectively. 

Comment: L.F. activity in three parahemo- 
philiacs was less than 5 per cent of normal. 

Ac-globulin Activity. Ac-globulin is required 
for the rapid conversion of prothrombin to 
thrombin by thromboplastin and calcium in the 
isolated two-stage system.‘ The retarded and 
incomplete prothrombin conversion in para- 
hemophilia by the orthodox two-stage method 
and its rectification by BaCO; bovine serum 
(Fig. 1) suggested Ac-globulin deficiency. This 


CLOTTING TIME - SECONDS 


O—O PATIENT BASO, PLASMA 1:150 
@-—@ NORMAL BASO,q PLASMA 1:150 


SALINE 
BEEF BACO, SERUM 1:150 


° 4 6 8 


12 14 16 


INCUBATION TIME - MINUTES 


Fic. 3. Ac-globulin activity of parahemophilic (M. G.) plasma on thrombin 
formation from purified human prothrombin. Reaction mixture contains puri- 


fied prothrombin, thromboplastin, calcium plus the agents indicated. 


thrombin conversion occurred with the modified 
procedure!® in which BaCO; adsorbed bovine 
serum is provided as a source of optimal amounts 
of Ac-globulin. (Table u, Fig. 1.) In these ex- 
periments bovine lung thromboplastin was used. 

Comment: ‘Two-stage prothrombin conversion 


was substantiated by the inability of parahemo- 
philic plasma to accelerate thrombin formation 
in a mixture containing purified human pro- 
thrombin, thromboplastin and calcium. Pro- 
thrombin was separated from normal plasma 
and purified by BaSO, adsorption, elution with 
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sodium citrate, and dialysis, according to a 
method previously described.'4 In the presence 
of calcium and bovine lung thromboplastin, 
thrombin evolved from the prothrombin ex- 
tremely slowly. (Fig. 3.) Addition of the para- 
hemophilic deprothrombinated (BaSO,) plasma 


TABLE II 
EFFECT OF FACTOR V ON CLOTTING DEFECT 
OF PARAHEMOPHILIC BLOOD (mM. G.) 
AND AGED NORMAL PLASMA 


Plasma Mixture (Parts) 


Normal 
Seitz 
Plasma 


Normal 
Plasma 


Patient 
Plasma 


1 
9 


1 
1 
1 


failed to influence prothrombin conversion ap- 
preciably, in marked contrast to the effect of 
normal BaSO, plasma. 

Comment: These observations, in agreement 
with the rectifying effect of normal BaSO, 
plasma in the one-stage system, provide indis- 
putable evidence that the patient’s plasma was 
relatively devoid of Ac-globulin activity. 

Factor V Activity. In Owren’s original case 
the elevated prothrombin time could be cor- 
rected by the addition of normal plasma depro- 
thrombinated by Seitz filtration. Accordingly, 
35 ml. of normal oxalated plasma were passed 
through a Seitz filter (Hercules type S, size 13, 
diameter 3.6 cm.). The first 5 ml. were dis- 
carded and the remainder was refiltered through 
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the same pad. The filtrate, prothrombin-free, 
contained L.F. and Ac-globulin activity, and 
could correct the clotting defect of parahemo- 
philiac M. G. (Table m.) It was, moreover, 
practically identical with normal BaSO, plasma 
in these respects. 

Comment: The patient was lacking in factor V 
activity. 

Study of Purified Prothrombin Derived from the 
Pathologic Plasma. This study was intended to 
exclude the remote possibility of a qualitative 
defect in the plasma prothrombin itself, viz., 
that it might have been only slowly susceptible 
for some obscure reason to the action of thrombo- 
plastin and calcium. The prothrombin was 
separated from M. G.’s plasma by BaSQO, ad- 
sorption and elution with citrate. As was to be 
expected, the fraction behaved normally as far 
as its convertibility to thrombin was concerned; 
it required supplements of Ac-globulin as does 
prothrombin similarly derived from normal 
plasma. 

Antithrombic Activity. Although there can be 
little doubt that the coagulation defect of the 
three subjects centered around the conversion 
of prothrombin to thrombin, it seemed desirable 
to rule out excessive plasma antithrombic ac- 
tivity. By the technic of Klein and Seegers”® the 
antithrombic activity was found normal in 
patient M. G. (Fig. 4.) 

Prothrombin Consumption.* Since in the iso- 
lated system Ac-globulin deficiency is said to 
result in poor yields of thrombin as well as re- 
tarded thrombin evolution,*?! it was deemed 
important to study prothrombin consumption 
during the course of spontaneous coagulation. 
Accordingly, the following experiments were 
performed: aliquot samples (2.1 ml.) of freshly 
drawn blood were placed in separate uncoated 
clean dry test tubes kept at 37°c. At measured 
intervals 0.1 M sodium oxalate (1 to 9 vols. of 
blood) was added in order to stop the clotting 
process. Mixtures were gently stirred with a 
glass rod, the sera were separated and incubated 
for fifteen minutes in order to inactivate throm-. 
bin, and they were then analyzed for prothrom- 


* A few words of caution are indicated. The term 
*‘prothrombin consumption” is widely used to describe 
the disappearance of prothrombin during coagulation, 
the implication being that the prothrombin is all con- 
verted to thrombin. This is not completely justified until 
it can be shown that the thrombin formed is equal to 
the amount of prothrombin which vanishes. Other ways 
in which prothrombin may disappear must always be 
considered. 


Pro- 
| throm- 
| Normal | bin 
* | (14 Day)} (sec.) 
Plasma 
— | 1] — 16 
— {*— | 1 | {| — 
| 9 | | 29 
— | — 1 
1 | — | = | 9 | — | 41 
— | — | 1 | — | 4 | 20 
| — | | | 18 
9 — 30 
| | | | | : 
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bic activity by both the modified one- and two- 
stage procedures. 

In M. G. prothrombin conversion was mark- 
edly retarded (Figs. 5, 6) but the prothrombin 


completely disappeared if sufficient time was 
allotted. Similar results were obtained in A. G. 


THROMBIN INACTIVATED — UNITS PER ML. PLASMA 
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syringe and arquad* coated needle. At measured 
intervals coagulation was stopped by the addi- 
tion of citrate (1 vol. of 2.5 per cent sodium 
citrate to 9 vols. of blood), and the platelets were 
visualized and counted by direct microscopy, 
using the Rees-Ecker procedure. Platelet ag- 


@—@ NORMAL 
X—X PARAHEMOPHILIA (MG) 


r) 10 20 30 40 50 


60 70 60 100 120 


INCUBATION TIME — MINUTES 

Fic. 4. Antithrombic activity of parahemophiliac M. G.; 1.0 ml. of thrombin 
solution (Cutter Lab., human thrombin) containing 1,400 units per ml. was 
added to 1.0 ml. of plasma, previously defibrinated by small amounts of 
thrombin (1 unit per ml. of oxalated plasma). At intervals specified, an aliquot 
of the thrombin-plasma mixture was removed, suitably diluted with saline, and 
then measured for residual thrombic activity on a standard fibrinogen solu- 
tion, according to the method of Klein and Seegers.?° 


and J. G.: sixty minutes after the blood was shed, 
residual serum prothrombin was 125 and 75 units 
per ml., respectively, values which are definitely 
above normal. Prothrombin disappearance (pro- 
thrombin consumption) was accelerated by 
blood transfusion. (Fig. 5.) 

Platelet Agglutination. Little is known regard- 
ing the factors which induce platelet agglutina- 
tion and lysis during spontaneous coagulation. 
Normally, this begins within a few minutes after 
blood is exposed to a “‘foreign’’ surface (glass). 
Under certain pathologic (hemophilia, circu- 
lating anticoagulant) or experimental (prompt 
decalcification and siliconization of surfaces) 
conditions, platelet agglutination is retarded. 
According to Quick and colleagues?? evolved 
thrombin is responsible for these changes. 

This phenomenon was studied in order to see 
whether it was affected by retarded thrombin 
evolution consequent to Ac-globulin deficiency. 
Accordingly, blood was drawn with a siliconized 


glutination was found considerably retarded, 
along with over-all coagulation and prothrombin 
conversion, compared with a normal blood 
handled the same way. (Fig. 6.) 

‘Plasma’? Ac-globulin, ‘‘Serum’’ Ac-globulin Re- 
lationship. According to Ware and Seegers, 
plasma Ac-globulin is the relatively inert pre- 
cursor of serum Ac-globulin to which it is con- 
verted by thrombin evolving during the coag- 
ulation process. The conversion can also be 
induced by the addition of thrombin to whole 
plasma or to purified plasma Ac-globulin. We 
have observed similarly that thrombin added 
to whole normal, or to BaSO, normal plasma 
which contains full amounts of L.F. and plasma 
Ac-globulin, induces markedly increased Ac- 
globulin and L.F. activity. 

It was of interest to compare the effect of 
adding thrombin to parahemophilic plasma. 


*A non-wetting agent generously provided by 
Armour Co., Chicago, IIl. 
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Accordingly, human thrombin was added to 
M. G.’s plasma and to normal plasma (2.2 units 
per ml.). The resulting fibrin was removed, the 
supernatant was added after variable intervals 
of time to aged normal plasma and the pro- 
thrombin times of the mixtures were determined. 


= 200 


@-@ PATIENT BEFORE TRANSFUSION (CT-42, BT>32') 
PATIENT HRS AFTER TRANSFUSION (CT-tth, 81-7") 
X-X NORMAL (CT 642°, BT 2-4) 


S PER 


PLASMA OR SERUM PROTHROMBIN - UNIT: 
8 


30 40 50 60 70 80 90 


MINUTES AFTER BLOOD SHED 


5 


100 no 120 


PROTHROMBIN - PER CENT 


ao 
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portions studied the pathologic plasma was in- 
distinguishable from aged normal plasma insofar 
as the rectifying effect of fresh normal plasma is 
concerned. It is also noteworthy that the clot- 
promoting effect of the normal plasma is at- 
tributable to a plasma component not adsorb- 


0-ONE STAGE PROTHROMBIN 
@-TWO STAGE PROTHROMBIN 
X-PLATELETS 

SOLID LINE ~ PATIENT 
BROKEN LINE — NORMAL 


CLUMPING 


~ 
VISIBLE EVIDENCE OF CLOTTING ~~._ 
~ 


6o 70 
MINUTES AFTER BLOOD SHED 


6 


Fic. 5. Prothrombin consumption, before and after transfusion, in parahemophiliac M. G. Prothrombin in plasma 
and serum determined by modified two-stage method in which optimal Ac-globulin is provided by admixture of 


bovine BaCO; serum. !8 


Fic. 6. Changes in one-stage and two-stage prothrombic activity, platelet number and clumping, and visible fibrin 
deposition in freshly shed parahemophilic (M. G.) blood compared with normal blood. On the ordinate is also 
plotted the platelet number (in per cent of the original which is 100 per cent). 


(Table 1v.) The normal thrombin-treated plasma 
had a greater restorative effect on aged plasma 
than did the normal plasma alone (15.4 com- 
pared with 20 seconds, a difference which in 
this range reflects a profound enhancement in 
L.F. activity). In contrast, the effect of thrombin- 
treated parahemophilic plasma was practically 
the same as the untreated plasma (51 compared 
with 59.5 seconds) a change which in this range 
of the curve (Fig. 2) represents a negligible 
alteration in over-all L.F. activity). This further 
supports the conclusion that the pathologic 
plasma was deficient in Ac-globulin, or that its 
Ac-globulin could not be converted to the 
active ‘‘serum type” by thrombin. 

Quantitative Relationships between Ac-globulin and 
Prothrombic Activity. It has already been shown 
that fresh parahemophilic plasma cannot correct 
the retarded prothrombin conversion of aged 
plasma. This suggests that the defect of the path- 
ologic plasma is identical with that induced in 
normal plasma by aging. In accordance with 
this interpretation are the observations in 
Figure 7 which show the prothrombin times of 
varying mixtures of (1) normal plasma with 
aged normal plasma, and (2) normal plasma 
with fresh parahemophilic plasma. In all pro- 
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TABLE IV 
LABILE FACTOR ACTIVITY OF NORMAL 
OR PARAHEMOPHILIC PLASMA 
TREATED WITH THROMBIN * 


Prothrombin 
Time (sec.) 


Plasma Mixture 
Parahe- 
mophiliac 
M. G. 


Aged plasma + saline alone 
Aged plasma + fresh plasma 
Aged plasma + thrombin-treated 
plasma 
10 min. incubated 
30 min. incubated 
60 min. incubated 


* Prothrombin times determined on plasma mixtures 
comprising 0.4 ml. of aged normal oxalated plasma plus 
0.1 ml. of thrombin-treated or non-treated plasma. 

2.2 units of thrombin (Cutter Laboratory, human 
thrombin) in 0.1 ml. of physiologic saline were added to 
1.0 ml. of the plasmas. The combinations were incubated 
(room temperature) for 10, 30, and 60 minutes, respec- 
tively, and 0.1 ml. of the combinations were then added 
to 0.4 ml. of the aged plasma. 
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able by BaSOu,, a fact which exsludes both 
prothrombin and the precursor of SPCA. 

It can now be assumed that L.F., plasma Ac- 
globulin and factor V are one entity. Its con- 
centration is critically low in humans,”*:** far 
lower than in bovine, canine or rabbit plasma. 


@—@ NORMAL PLASMA PLUS NORMAL AGED (23 DAY) PLASMA 
X—K NORMAL PLASMA PLUS FRESH PATIENT PLASMA 

O-0O NORMAL BASO, PLASMA PLUS NORMAL AGED PLASMA 
O—© WORMAL BASO, PLASMA PLUS FRESH PATIENT PLASMA 


PROTHROMBIW TIME - SECONDS 


2 4 6 8 16 18 20 


PER CENT FRESH NORMAL PLASMA IN MIXTURE WITH 
AGED PLASMA OR PATIENT PLASMA 


Fic. 7. Rectifying effect of normal plasma on the re- 
tarded prothrombin conversion of fresh parahemo- 
philic plasma (M. G.) or of aged normal plasma. 


When reduced to 50 per cent or less of its normal 
value in man, prothrombin conversion becomes 
retarded. The availability of plasma congenitally 
devoid of this factor provided an excellent op- 
portunity to re-examine more precisely the 
quantitative relationships between its concen- 
tration and the velocity of thrombin elaboration. 
This was done by determining the prothrombin 
times of mixtures of normal plasma with the 
pathologic plasma in various proportions and 
under varying conditions. 

As Ac-globulin is decreased below approxi- 
mately 70 per cent of normal, the curve relating 
prothrombin time with prothrombin concentra- 
tion progressively deviates from that obtained 
when Ac-globulin is maintained at 100 per cent. 
(Fig. 8.) Retardation in thrombin evolution be- 
comes progressively marked as the Ac-globulin 
falls below 20 per cent. 

Since in this experiment the concentrations 
of both prothrombin and Ac-globulin varied, it 
seemed desirable to setup conditions in which 
the Ac-globulin was the only variable. This was 
accomplished by mixing 0.4 ml. of the abnormal 
plasma with 0.1 ml. of saline containing variable 
amounts of normal BaSO, plasma. The data 
obtained under these circumstances (Fig. 9) also 
indicate a similar relationship between Ac- 
globulin concentration and the prothrombin 
time at prothrombin levels maintained between 
50 to 54 per cent of normal. It is of interest that 


the configuration of the curve relating Ac-globu- 
lin concentration and prothrombin time re- 
sembles that relating prothrombin level with 
the prothrombin time. 

Additional pertinent information was pro- 
vided by the following experiment: Normal 


7 @—@ PATIENT PLASMA IN BASO, NORMAL PLASMA 


ow” X—X NORMAL PLASMA IN BASO, NORMAL PLASMA 


PROTHROMBIN TIME (SECONDS) 


10 
PER CENT PROTHROMBIN IN PLASMA MIXTURE 


Fic. 8. Curve relating prothrombin times with concen- 
trations of prothrombin and Ac-globulin. Prothrombin 
concentrations in mixtures were calculated from two- 
stage prothrombin determinations on the normal plasma 
and on the parahemophilic (M. G.) plasma. Ac-globulin 
concentrations were calculated on the basis that the 
whole normal plasma and BaSO, normal plasma con- 
tained 100 per cent Ac-globulin. The parahemophilic 
plasma was assumed to contain no Ac-globulin. 


plasma was mixed in various proportions with 
BaSQO, adsorbed parahemophilic plasma or with 
BaSO, normal plasma. In the latter mixtures 
Ac-globulin was 100 per cent since BaSO, does 
not absorb this clotting factor, whereas in the 
normal parahemophilic mixtures Ac-globulin 
is furnished ‘almost entirely by the normal 
plasma contained therein. Again, the dis- 
crepancies in prothrombin times (Fig. 10) reflect 
the profoundly retarded prothrombin conversion 
caused by the limitation of Ac-globulin. 

Study of the SPCA Mechanism. Considerable 
evidence is already available indicating that 
SPCA is distinct from Ac-globulin, L.F. and 
factor V.!2-'4 A hemorrhagic diathesis simulat- 
ing hypoprothrombinemia in a patient with 
congenital inadequacy of SPCA has been 
described.”> This subject’s plasma had normal 
amounts of Ac-globulin but showed poor SPCA 
elaboration. 

In parahemophilia SPCA formation from its 
precursor in plasma is normal despite the re- 
tarded prothrombin consumption and negligible 
Ac-globulin concentration. (Table v.) Further- 
more, in the one patient thus studied (M. G.) 
the serum showed SPCA activity even when 
tested on the parent plasma. These observations 
provide substantial evidence that SPCA does 
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not evolve from Ac-globulin. Moreover, normal 
Ac-globulin activity is not required for SPCA 
formation. 

The aforementioned conclusions are sup- 
ported by additional data obtained on aging 
plasma. When normal plasma is ,stored at 
refrigerator temperatures, Ac-globulin deterio- 


PROTHROMBIN TIME — SECONDS 


30.40 50 60 70 
PER CENT AC-GLOBULIN IN PLASMA MIXTURE 


9 


course of spontaneous coagulation just as does 
normal blood. 

Comment: Demonstration of a normal SPCA 
mechanism in parahemophilia establishes SPCA 
and its precursor as entities distinct from Ac- 
globulin. Furthermore, Ac-globulin appears to 
play no role in SPCA elaboration. 


90 
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Fic. 9. Curve relating prothrombin times with varying concentrations of Ac-globulin in plasma mixtures contain- 
ing a relatively fixed prothrombin concentration (50 to 54 per cent of normal, calculated from two-stage determi- 
nations). The parahemophilic (M. G.) plasma and normal plasma were assumed to contain 0 per cent and 100 per 


cent Ac-globulin, respectively. 


Fic. 10. Prothrombin times of mixtures of normal plasma with deprothrombinated (BaSO,) parahemophilic 


(M. G.) or normal plasma. 


rates and SPCA evolves.?* Whereas the pro- 
thrombin time of the whole plasma rises, there 
is progressive shortening of the prothrombin 
time when it is determined by a technic wherein 
normal amounts of Ac-globulin are provided to 
replace that lost by deterioration. Similar ob- 
servations are found in parahemophilic plasma 
during aging: the originally elevated prothrom- 
bin time of the whole plasma increases even 
more, but prothrombic hyperactivity develops 
(Fig. 11) just as it does in normal plasma. 

The elaboration of SPCA also shows itself 
through the development of prothrombic hyper- 
activity (one stage) early in the course of spon- 
taneous coagulation, frequently before there is 
any detectable evidence of prothrombin disap- 
pearance as measured by the two-stage pro- 
cedure.”” Indeed, this phenomenon has long 
been used by us to detect “chemical coagulation” 
before there is visible evidence of fibrin deposi- 
tion, and has been employed to evaluate the 
efficacy of various procedures designed to 
inhibit the clotting process. The data in Figure 6 
indicate that such prothrombic hyperactivity 
developed in parahemophilic M. G. early in the 
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Response of Parahemophilic Defect to Various Agents 


Normal Plasma. ‘The clot-promoting effect 
of normal plasma on parahemophilic blood, 
shown in Table 1, is even more strikingly evident 
in Figure 12. These observations are in agree- 
ment with what Owren found in his original case. 

Dicumarol Plasma.* There is considerable 
question whether dicumarol causes, besides pro- 
thrombinopenia, alterations in other plasma 
constituents which affect prothrombin con- 
version. According to Fahey et al.?® Ac-globulin 
decreases as much as 50 per cent early in the 
course of dicumarol therapy, subsequently 
returning to normal despite continuance of the 
drug. Quick and Stefanini,” as well as we, on the 
other hand, find no change in L.F. Hurn and 
colleagues*® report a “‘decrease in the conversion 
of prothrombin to thrombin” in addition to 
prothrombinopenia, which was attributed to a 
decrease in “‘co-thromboplastin.”’*! Serum SPCA 
also declines under the influence of dicumarol.*? 

Our patients presented a unique opportunity 


* Obtained from patients with myocardial infarct 
treated with dicumarol for the prevention of thrombo- 
embolic complications. 
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TABLE 
SPCA ACTIVITY IN PARAHEMOPHILIA 


Prothrombic Activity 


Mixture (ml.) of Mixture f 


Prothrombin SPCA 
| Activity 


Path A C (per cent 
Sali Plasma Plasma | activation 
Saline Serum 
Serum 


Mixture Mixture 


Serum SPCA 
(units per ml., 


Normal normal: 14-40) 


Plasma 


Patient M. G. 


Patient / 


0.05 


0.05 


* Sera tested were two hours old. 
+ Observed activity of the mixtures was corrected for the degree of dilution with the normal BaSO, plasma. 


t Calculated from the formula: PSS X 100 
2a+b 


2 


@—@ MG WHOLE PLASMA 
4-4 AG WHOLE PLASMA 


BASO, PLAS! 
4—4 AG PLASMA DILUTED 110 WITH 
NORMAL BASO, PLASMA 


8 


WHOLE PLASMA 
8 


8 


PROTHROMBIN TIME - SECONDS 


DILUTED PLASMA 


5 10 iS 20 25 30 x4 40 45 50 55 60 
DAYS STORED 
Fic. 11. Changes in one-stage prothrombic activity of oxalated parahemophilic 
plasma during aging at 4-5°c. Determinations were made at times specified on 
the whole plasma as well as on a mixture (1:10) of the aging plasma with fresh 
normal BaSO, plasma. 
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of studying this question. It is evident (Table v1) 
that dicumarol plasma, whole or adsorbed with 
BaSOu,, is normal with regard to its ability to 
rectify the defect in parahemophilia. These 
results were paralleled precisely by their rectify- 
ing effect, simultaneously observed, on aged 


60 PARAHEMOPHILIA 
EFFECT OF TRANSFUSION 
(500cc. CITRATED BLOOD) 
ON PROTHROMBIN TIME 


PROTHROMBIN TIME - SECONDS 


5 10 15 20 25 30 35 

HOURS AFTER TRANSFUSION 
Fic. 12. Effect of transfusion with 500 ml. of fresh 
citrated blood on the prothrombin time in parahemo- 
philiac (M. G.). It is noteworthy that the clot-promot- 
ing effect is practically the same in vivo as in vitro (com- 
pare with Figure 7), assuming the patient’s plasma 
volume to be 2,500 ml. and the plasma volume of the 
infused blood to be 250 ml. The effect on two-stage 
prothrombin conversion is seen in Figure 1. 


normal plasma (data not included here), again 
supporting the conclusion that the abnormality 
in parahemophilic plasma and aged normal 
plasma are identical. 


TABLE VI 
EFFECT OF DICUMAROL* PLASMA 
ON PROTHROMBIN TIME OF PARAHEMOPHILIA 


Plasma Mixture (Parts) 


Pro- 
thrombin 
Path- Normal | Dicu- Time 
ologic BaSO; | marol Saline (sec.) 
Plasma Plasma | Plasma 


84, 
18. 
20. 
21. 
20. 
20. 
21. 


* Dicumarol plasma obtained from patients with myocardial infarct 
treated with dicumarol for prevention of thromboemolic complications. 

¢ 11 Refers to plasma from subject who was on dicumarol for two 
weeks and had 37 units prothrombin per ml., 9 per cent prothrombin 
by one-stage method; 1? from subject on dicumarol two weeks, plasma 
prothrombin 46 units, 13.5 per cent. 
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Phenylindanedioné Plasma. Similar reasons led 
us to investigate the plasma from a patient re- 
ceiving the prothrombinopenia-inducing drug, 
phenylindanedione (P.I.D.). No abnormality 
in Ac-globulin activity was evident (Table vm); 
the P.I.D. plasma was fully capable of rectifying 


TABLE VII 
EFFECT OF PHENYLINDANEDIONE (P.I.D.) PLASMA 
ON CLOTTING DEFECT OF PARAHEMOPHILIA 
(mM. G.) AND AGED NORMAL PLASMA 


Plasma Mixture (Parts) 


Patho- Aged 
logic Normal 
Plasma Plasma 


Saline 


| 


* Patient on phenylindanedione for four months for 
prevention of recurrent pulmonary emboli. His plasma 
prothrombin was 80 units per ml. by the two-stage 
method, 10 per cent by the one-stage procedure. It should 
be noted that there is considerable discrepancy between 
these values, suggesting some other clotting defect, not 
Ac-globulin deficiency, in P.I.D. plasma besides pro- 
thrombinopenia. Such discrepancies, repeatedly ob- 
served, are in process of further investigation. 


the defect of parahemophilic plasma as well as 
that of aged normal plasma. That P.I.D. plasma 
has a normal amount of Ac-globulin is in accord 
with the recent observations of Bjerkelund.** 
However, some other clotting disturbance is 
suggested by the discrepancies between the one- 
and two-stage prothrombin values. (Table vu.) 

SPCA Deficient Plasma. The availability of 
plasma from the patient with congenital SPCA 
deficiency”® provided an unusual opportunity 
of observing whether it could correct the ab- 
normality of parahemophilia. As was to be 
expected from the earlier demonstration that 
SPCA deficient blood contained normal amounts 
of Ac-globulin, the addition of the plasma to 
parahemophilic blood rectified the defect of 
the latter. (Table vm.) The distinction be- 


Pro- 
30 | throm- 
in- bin 
Time 
20 
asma 
— 1 66 
0.1 0.9 34 
— 0.1 — 0.9 35 
— — 4 1 76 3 
1 | — 4 19 
— 0.1 | — 4 0.9 | 34 
— | 1 4 20 
: — — | 0.1 4 0.9 35 
M. G. 
4 0 
4 1 
4 — 4 
4 11} 5 
4 5 
4 12 6 Ces 
4 3 
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tween SPCA and Ac-globulin is thus further 
corroborated. 

Serum or SPCA. SPCA can accelerate pro- 
thrombin conversion in normal, hemophilic, 
thrombocytopenic, hypoprothrombinemic or 
heparinized blood but it is relatively inert on 


TABLE VII 
CORRECTIVE EFFECT OF SPCA DEFICIENT PLASMA 
ON CLOTTING DEFECT OF PARAHEMOPHILIC 
(M. G.) PLASMA 


Plasma Mixture (Parts) 

Pro- 
thrombin 
Time 
(sec.) 


Parahemo- SPCA 
philic | Deficient 
Plasma | Plasma* 

|_ 


Normal 
BaSO, 


Plasma 


14 
>360 


1 


| 

| 

— 22 
1 | 22 
1 | 76 

| 1 | 16 


* Plasma from patient with congenital SPCA defi- 
ciency.”® 


1 
1 
1 


1 
1 
1 
1 


1 
1 
1 


aged plasma in which Ac-globulin has largely 
deteriorated. !4:*?:34 Accordingly, it has been 
concluded that SPCA cannot substantially in- 
fluence thrombin formation when Ac-globulin 
is absent. The impotence of purified SPCA* (or 
serum) on the defect in parahemophilia confirms 
this. The addition of SPCA or serum to whole 
parahemophilic plasma failed to lower the pro- 
thrombin time. (Table rx.) However, when 
mixed with the pathologic plasma to which 
BaSO, normal plasma was added as a source of 
Ac-globulin, SPCA as well as serum lowered the 
prothrombin time markedly. 

Effect of Vitamin K;. The importance of ex- 
cluding vitamin K deficiency as a cause of an 
elevated prothrombin time in patients with 
“idiopathic hypoprothrombinemia” has been 
emphasized by Ley and colleagues.*® These 
authors point out that massive doses of vitamin 
Ki may occasionally restore the prothrombin 
time to normal when large doses of water soluble 
derivatives fail. Although M. G. had shown no 
improvement following protracted treatment 


* Prepared by methods previously described. !4 
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with water soluble synthetic vitamin K, it was 
deemed advisable to try a massive dose of 
vitamin K,. Accordingly, 1.0 gm. of this material 
was administered intravenously. No change was 
found twenty-four hours later either in the plas- 
ma prothrombin or Ac-globulin concentration. 


TABLE IX 
EFFECT OF NORMAL SERUM OR SPCA ON PROTHROMBIN 
TIME IN PARAHEMOPHILIA (M. G.) 


Mixture (Parts) 


| Prothrom- 


Pa- bin Time 
tens ‘ Normal (sec.) 

Saline} BaSO.4 
Plas- 


Pet 


— 00 


lll lel 


“1 


oon 


RAD 


wn 


wan 
n> 
++ 


| | 18 

* Solution containing 1 mg. protein, 38 units SPCA, per ml. 

+ This serum was 24 hours old; it was selected instead of one hour old 
serum to make sure that only minimal amounts of Ac-globulin were 
present. All other sera were one hour old. All normal sera contained 
less than 6 units prothrombin per ml. 

} The 24.8 second prothrombin time was obtained three minutes 
after the mixture was prepared, contrasted with the 36.6 second time 
obtained immediately after the mixture was prepared. This again 
demonstrates the latent period of interaction of SPCA with a plasma 
constituent as described in other reports.!4 


Effect of Blood Transfusion. ‘The clot-promot- 
ing effect in parahemophilia of normal blood or 
plasma was clearly shown in Owren’s original 
case. This was studied exhaustively in one of our 
subjects also. Within two hours 500 ml. of fresh 
citrated blood were infused into M. G. and ob- 
servations were made on the bleeding time, 
clotting time, prothrombin time, Ac-globulin 
activity and prothrombin consumption. The 
prothrombin and Ac-globulin activity of the 
infused blood, determined before infusion, were 
normal. Its plasma, moreover, was demon- 
strated to have a rectifying effect on the patient’s 
blood in vitro. 

Transfusion induced a prompt and fairly well 
sustained drop in the prothrombin time. 
(Figs. 12, 13.) Improvement in prothrombin 
conversion as well as prothrombin consumption 
was also evident. (Figs. 1, 5.) Nevertheless, 
although two stage prothrombin conversion was 
better after transfusion, it was still considerably 
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subnormal, in harmony with the one-stage 
results. 

Correction of this defect was, furthermore, as- 
sociated with restoration of the bleeding and 
clotting times toward normal. (Fig. 5.) On this 
basis it was believed that extraction of two cari- 
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also studied by direct microscopy. No abnormal- 
ity was detected, such as is found in pseudo- 
hemophilia. 

To exclude the possibility of hemophilia 
or hemophilia-like disease the antihemophilic 
globulin activity of the parahemophilic plasma 
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Fic. 13. Prothrombin time and Ac-globulin activity in response to transfusions 
with fresh blood, freshly processed frozen plasma, or three day old blood. Toward 
the end of the first 1,000 cc. transfusion, the bleeding time had dropped to seven 


minutes. 


ous molar teeth could be performed safely if 
fresh blood was used immediately before and 
after the procedure. Accordingly, on July 17th 
the patient received 1,000 ml. of fresh citrated 
blood (Fig. 13), again with improvement of the 
clotting defect and bleeding time. The teeth 
were extracted on July 18th under local anes- 
thesia and a solution of topical thrombin® with 
an oxycel® pack was applied locally. This was 
followed with infusion of 200 ml. of freshly 
processed frozen citrated plasma. No undue 
bleeding occurred. As a precautionary measure, 
and because it was believed that the patient’s 
anemia could also be benefited, 1,000 ml. of 
three day old blood were administered on 
July 19th. The hemoglobin rose to 10 gm. per 
cent and convalescence was uneventful. It is 
noteworthy that the three day old blood ap- 
peared to be less effective than fresh blood in 
correcting the clotting abnormality. 

Additional Miscellaneous Studies. ‘That the 
coagulation defect was the same in all three sub- 
jects is indicated by the fact that a mixture 
comprising equal parts of the three plasmas 
showed the same abnormalities as the individual 
plasmas alone. 

In view of the elevated bleeding time of the 
three subjects, their nail bed capillaries were 

® Product of Parke, Davis & Company, Detroit, Mich. 
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was measured by observing its rectifying effect 
on the retarded prothrombin conversion and 
elevated clotting time of known hemophilic 
blood. The clot-promoting effect was found 
normal. 


OBSERVATIONS 


It is now apparent that parahemophilia is due 
to a distinct clotting derangement which simu- 
lates hypoprothrombinemia clinically and in 
many laboratory respects despite the fact that 
the prothrombin concentration may be normal 
or at least not sufficiently reduced to account 
for the hemorrhagic phenomena. The disorder 
may be congenital or acquired, having been 
observed also in liver disease,’:*’ scarlet fever*® 
and leukemia. *® 

Our three patients make a total of eight 
recorded cases of the congenital type, which 
include the original one of Owren, one reported 
by Frank et al.*° and three by de Vries and col- 
leagues.'! The disease appears to be frequently 
associated with other congenital defects. There 
is as yet no clear-cut evidence that it is also 
hereditary. The mild hypoprothrombinemia of 
our subjects, also observed in other cases,"! is of 
interest particularly since it failed to respond 
(in the one case tried) to a massive dose of 
vitamin K,. This suggests that, in some instances, 
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congenital parahemophilia may be associated 
with an additional coagulation defect, namely, 
hypoprothrombinemia, which is resistant to 
vitamin K,.*! 

Certain definitive conclusions are now war- 
ranted concerning the entity involved in the 
pathogenesis of parahemophilia. There can no 
longer be any doubt that plasma Ac-globulin, 
L.F., factor V (more recently termed proac- 
celerin'®), and the factor of Fantl and Nance 
are identical, constituting one component 
essential for the rapid physiologic conversion of 
prothrombin to thrombin. It is therefore now 
opportune to propose a simplification of our 
concepts and terminology by adopting one term 
to designate henceforward this entity; ‘‘Ac- 
globulin” seems most appropriate since it indi- 
cates more specifically than any of the other 
terms* the role of this factor in the clotting 
sequence. 

Its known properties may be briefly reviewed: 
(1) It is essential for the physiologic conversion 
of prothrombin to thrombin; (2) its concentra- 
tion is much higher in bovine, dog and rabbit 
plasma than in man; (3) it is relatively labile, 
deteriorating more rapidly in the absence of 
calcium, and it is more labile in oxalated than 
in citrated plasma; (4) it is extremely labile in 
the presence of thrombin; (5) it is not adsorbed 
by BaSO., BaCOs, Ca3(POx,)e, is slightly ad- 
sorbed by Al(OH);3, and partly by Mg(OH). 
and Seitz filters; (6) the principle in plasma 
(plasma Ac-globulin) is converted under the 
influence of thrombin to a more active form, 
serum Ac-globulin (factor v1, accelerin), which 
is far more labile; (7) it rapidly disappears from 
clotting human and canine blood, the sera be- 
coming relatively devoid of it within an hour 
after coagulation.”*:'® Bovine serum, however, 
retains large amounts; (8) Ac-globulin pre- 
cipitatés from plasma with the globulins at a pH 
of approximately 5.3 and is found preponder- 
ently in fraction + m of plasma. ** 

For further details regarding Ac-globulin the 
reader is referred to the outstanding contribu- 
tions of Ware and Seegers,* and Owren.*4 Much 
remains to be done on further purification and 


* Recently Stefanini‘? proposed the term “plasma 
prothrombin conversion factor” (PPCF). In our opinion 
it is less satisfactory since it adds a new term to an already 
encumbered literature and at the same time does not 
distinguish Ac-globulin from other plasma factors 
which function in prothrombin conversion (e.g., SPCA 
precursor). 


characterization of the substance in its pure 
form. 

Unless adequate amounts of Ac-globulin are 
available prothrombin conversion is retarded. 
This is reflected in the elevated clotting time, 
slow prothrombin consumption during coagula- 
tion and by the poor yield of thrombin (by the 
orthodox two-stage method). Study of the 
quantitative relationships by McClaughry and 
Seegers*® and by us indicates that with regard 
to the dynamics of thrombin elaboration, Ac- 
globulin and prothrombin act in a complemen- 
tary manner: reduction in either retards throm- 
bin formation to the same degree. Moreover, 
during spontaneous coagulation Ac-globulin 
disappears in relation to the amount and/or 
velocity of prothrombin conversion to thrombin. !° 

These facts suggest that Ac-globulin enters 
into the reaction as a real participant rather 
than as an “accelerator” acting outside the 
thrombin-forming system proper. This view, 
however, is now open to doubt since despite 
negligible Ac-globulin activity, prothrombin 
conversion during coagulation, albeit retarded, 
proceeds virtually to completion provided 
sufficient time elapses. This is in agreement with 
the finding of de Vries et al.'' Moreover, pro- 
thrombin conversion is also complete upon 
recalcification of aged plasma or commercial 
and American Red Cross dried plasma, all of 
which are practically devoid of Ac-globulin 
activity.4® It is unlikely, therefore, that Ac- 
globulin enters the reaction stoichiometrically, 
an interpretation which is not in agreement 
with that of Quick and Stefanini. 

Some mechanism other than chemical utiliza- 
tion of Ac-globulin must therefore be invoked 
to explain the disappearance of Ac-globulin 
during coagulation. It can not be related 
directly to the conversion of fibrinogen to fibrin 
since Ac-globulin disappears at a normal rate 
from freshly shed incoagulable afibrinogenemic 
blood.!* Most likely Ac-globulin is destroyed by 
the thrombin which is evolved** or it spontane- 
ously deteriorates rapidly as a consequence of 
its greater lability after it is converted to the 
serum Ac-globulin form by thrombin. 

The complete prothrombin conversion in the 
spontaneously clotting parahemophilic blood is 
somewhat at variance with the negligible con- 
version and poor thrombin yields obtained in 
the isolated two-stage system. This may be due 
in part to the fact that not as much time was 
allotted in the two-stage system as in the shed 
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blood (two hours) to ascertain just how far 
prothrombin conversion could go. Moreover, in 
the isolated system, prothrombin destruction 
may occur when prothrombin conversion is very 
slow, due either to the small amount of thrombin 
evolved*® or via other non-specific reactions. °° 
In intact blood or plasma, on the other hand, 
evolved thrombin cannot attain a substantial and 
persistent titer due to the action of antithrombin. 

The question arises as to the best method of 
measuring Ac-globulin. Parahemophilic plasma, 
relatively devoid of it, is indistinguishable from 
aged normal plasma. The elevated prothrombin 
time of the latter is extremely sensitive to addi- 
tions of Ac-globulin. This provides a simple and 
precise means of measuring this factor,'® a 
technic far simpler than that involving the two- 
stage procedure with purified prothrombin. + 

Certain conclusive statements can now be 
made regarding the relationship between Ac- 
globulin and SPCA or its precursor. That they 
are distinctly different can no longer be dis- 
puted: in parahemophilia, SPCA elaboration 
was normal despite negligible Ac-globulin 
activity. The same is also found upon recalcifica- 
tion of aged plasma or old lyophilized plasma, 
both of which are essentially devoid of Ac- 
globulin. Furthermore, plasma from an SPCA 
deficient patient corrects the abnormality in 
parahemophilia. It may also be concluded that 
SPCA formation during coagulation is appar- 
ently independent of and does not require 
substantial concentrations of Ac-globulin. 

It is thus evident that plasma Ac-globulin is 
not the precursor of SPCA, a view not in accord 
with Stefanini’s.*! A certain note of caution is, 
however, indicated. An Ac-globulin activity 
below 5 per cent of normal does not necessarily 
indicate that the actual plasma concentration 
of Ac-globulin protein is that low. Admittedly, 
deductions concerning absolute quantitative 
values based upon relative physiologic activities 
may be fallacious. Also, it is possible that the 
amount of Ac-globulin required for SPCA 
formation (on the theory that Ac-globulin is its 
precursor) may be far less than that needed for 
the Ac-globulin activity which is concerned 
with prothrombin conversion. Clearly, a defini- 
tive answer must await isolation and charac- 
terization of the moieties in pure form. Mean- 
while these possibilities are considered most 
unlikely. 

Our finding of a normal SPCA mechanism 
in parahemophilia is somewhat at variance with 
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the observation of de Vries et al.!! who found 
very low. SPCA elaboration, even after the 
prothrombin had been consumed completely. 
Nevertheless, these investigators found that 
SPCA formation became normal following the 
addition of thromboplastin to the freshly shed 
parahemophilic blood, indicating that the SPCA 
mechanism was not fundamentally deranged or 
that at least its precursor in plasma must have 
been present despite the relative absence of 
Ac-globulin. 

_ It is now evident that both Ac-globulin and 
SPCA, or its precursor, are required for the 
rapid physiologic conversion of prothrombin to 
thrombin by thromboplastin and calcium. Defi- 
ciency of either results in retarded thrombin 
formation, associated with defective hemostasis, 
simulating hypoprothrombinemia. Neither can 
replace the other: SPCA supplements cannot 
lower the elevated prothrombin time of para- 
hemophilic plasma. Conversely, inadequate 
amounts of SPCA or its progenitor result in 
delay in the early activation of prothrombin by 
thromboplastin, a defect which can be corrected 
only by restoration of the missing factor. 

In the light of this it would now seem appro- 
priate to reclassify the hypoprothrombinemias 
as follows: 


GENERAL HYPOPROTHROMBINEMIAS 
1. True hypoprothrombinemia 
A. Congenital, ? familial 
B. Acquired 
1. Idiopathic 
2. Liver disease 
3. Vitamin K deficiency 
4. Drug-induced 
11. Pseudohypoprothrombinemia 
A. Ac-globulin deficiency 
philia) 
1. Congenital, ? hereditary 
2. Acquired: liver disease, purpura 
fulminans 
B. SPCA deficiency 
1. Congenital 
2. Acquired: ? dicumarol poisoning. 


(parahemo- 


The beneficial effect in parahemophilia of 
transfusion with normal blood or plasma is of 
profound clinical import. To have reduced the 
prothrombin time from 56 seconds to 26 (by 
500 ml. of fresh blood, Fig. 13), or from 55 sec- 
onds to 22 (by 1,000 ml., Fig. 14) is tantamount 
to increasing prothrombic activity from ap- 
proximately 3 to 25 per cent of normal, a level 


< 
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which is consistent with effective hemostasis if 
other hemostatic mechanisms are normal. The 
beneficial effect is also attested to by the 
normalization of the clotting and bleeding 
times, and of the prothrombin consumption. 
Our experience also demonstrates that elective 
surgery may be performed safely if blood and 
plasma are liberally used. It should be empha- 
sized that they must be relatively fresh because 
Ac-globulin deteriorates fairly rapidly under 
ordinary conditions of storage. 

Also important from the standpoint of man- 
agement is the rate with which Ac-globulin 
disappears from parahemophilic blood following 
transfusion. In agreement with Owren’s ob- 
servations, the clot-promoting effect of trans- 
fusion was still detectable for more than twenty- 
four hours. This is in distinct contrast to the 
relatively rapid rate with which prothrombin 
disappears from the circulation in congenital 
hypoprothrombinemia* or SPCA in congenital 
SPCA deficiency. *? 

The elevated clotting and prothrombin times 
need no additional comment except to state 
that when prothrombic activity is markedly re- 
duced, distinct slowing of over-all coagulation 
supervenes. Retarded clotting is also seen in less 
severe hypoprothrombinemic states when special 
technics are employed, such as the use of 
siliconized clotting time tubes. 

Of greater interest, however, is the markedly 
elevated bleeding times of our subjects. This 
abnormality is generally attributed to capillary 
abnormalities such as have been described in 
thrombocytopenia or pseudohemophilia*® but 
which were not evident in our cases. It is hard 
to imagine how Ac-globulin can be directly 
related to a disturbance in the response of 
capillaries to trauma. It is also difficult to 
attribute the elevated bleeding time solely to 
retarded thrombin evolution and the attendant 
delay in platelet agglutination, since in hemo- 
philia, a condition notoriously associated with 
comparably high clotting times, with poor 
prothrombin conversion and with delayed 
platelet agglutination, the bleeding time is 
normal. This paradox may plausibly be ex- 
explained by postulating that tissue thrombo- 
plastin plays an important role normally in 
controlling hemorrhage following a lancet stab. 
In parahemophilia, thromboplastin even in 
excess Cannot induce adequate thrombin forma- 
tion because of the blocked prothrombin con- 
version whereas in hemophilia, tissue thrombo- 
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plastin can accelerate thrombin formation, 
the prothrombin conversion mechanism being 
normal. 

It is of interest that of the three parahemo- 
philiacs, M. G. with the highest prothrombin 
time was the only one who experienced frank 
hemorrhagic phenomena. This correlation is 
thoroughly consistent with clinical and labora- 
tory experience regarding the relationship 
between pathologic bleeding and the degree of 
true hypoprothrombinemia, drug-induced or 
acquired from disease. 


SUMMARY 


A clinicolaboratory study is presented of 
parahemophilia in three siblings, apparently 
congenital in origin. On the basis of the data 
it can now be concluded that the disorder, con- 
stituting a form of pseudohypoprothrombinemia, 
is referable to deficiency of a non-prothrombin 
plasma constituent which is essential for the 
rapid physiologic conversion of prothrombin 
to thrombin by thromboplastin and calcium. 
This substance, for which the term Ac-globulin 
(Ware and Seegers) is considered most appro- 
priate for simplification of nomenclature, is 
identical with labile factor (Quick), factor V 
or proaccelerin (Owren), and the factor of 
Fantl and Nance. The substance is present 
in fresh normal whole blood or plasma, which 
provides the basis for effective clinical man- 
agement of parahemophilia. Also, it is un- 
equivocally distinct from SPCA and its pre- 
cursor, deficiency of which results in another 
form of pseudohypoprothrombinemia. 
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The Limit of Hemoglobin Synthesis in 


Hereditary Hemolytic Anemia’ 


Its Relation to the Excretion of Bile Pigment 


Lr. Cor. H. Crossy, .M.c., and Lr. Cot. JosepH H. AKEROYD, M.S.C. 
Washington, D. C. 


capacity for erythropoiesis, no anemia 

would develop in hemolytic disease. As fast 
as red cells were destroyed they would be re- 
placed. Even without such an ability the mar- 
row, as it actually exists, can compensate for a 
considerable amount of abnormal blood destruc- 
tion. Anemia results only when the hemolytic 
process overtaxes the regenerative capacity. 
The limit of the human bone marrow’s ability to 
produce red cells in response to increased 
demand has never been established. 

In chronic hemolytic disease, as exemplified 
by the hereditary hemolytic anemias, the re- 
generative effort of the bone marrow appears to 
be rather constant. Unless some sort of crisis 
intervenes the hemoglobin level of such patients, 
with or without anemia, tends to remain fairly 
static month after month. Hemolysis and ery- 
thropoiesis are in equilibrium, even as they are 
in normal people, but the rate of exchange is 
faster than normal. The existence of anemia in 
a patient with chronic, stabilized hemolytic 
disease suggests that his bone marrow is working 
at or very near its capacity but despite the effort 
is unable to produce enough hemoglobin to 
maintain a normal level in the circulation. In 
order to ascertain the limits of hemoglobin and 
red cell synthesis during the sustained heavy 
demand of such a disease, we have examined 
the problem in two patients with hereditary 
hemolytic anemia. 


T the bone marrow possessed an unlimited 


MATERIAL AND METHODS 


The subjects of this investigation were young 
men, both members of the United States Armed 
Forces. The first had hereditary spherocytosis. 
He was admitted to a military hospital for an 


acute respiratory infection and the presence of 
splenomegaly drew attention to his underlying 
disease. The diagnosis was confirmed by a 
family study. The anemia was later cured by 
splenectomy. The second patient, together with 
his family, has been the subject of a previous 
report.* Although the hemolytic anemia was 
hereditary, it was different from hereditary 
spherocytosis for there were no spherocytes, and 
splenectomy proved to be of no value. The 
disease was also different from other known 
forms of hereditary and familial anemia. The 
patient was originally admitted to the hospital 
with an acuté arthritis which had subsided long 
before the present study was begun. 

The bone marrow of both patients, aspirated 
on several occasions from various sites, showed 
marked erythroid hyperplasia. Over a period of 
observation of many consecutive months, the 
degree of anemia and jaundice of these patients 
was found to be quite constant. The hematocrit 
did not vary +2 from the values shown in 
Table 1. The plasma bilirubin ranged between 
1.8 and 4.0 mg. per 100 cc. Thus both patients 
had a chronic, moderate, well stabilized hemo- 
lytic anemia with generalized hyperplasia and 
hyperactivity of the bone marrow. Both were 
healthy except for the blood dyscrasia and both 
were well nourished on a good hospital diet. 

The procedure of the investigation was the 
same for both patients. The red cell volume was 
established by the method of Mollison.'® Both 
were of blood group A. From each patient 
500 cc. of blood were withdrawn into ACD 
mixture. Then each was immediately given a 
rapid transfusion of 500 cc. of normal, fresh 
group O blood. In each patient’s circulating 
blood the number of red cells unagglutinable by 


* From the Department of Hematology, Army Medical Service Graduate School, Walter Reed Army Medical Center, 
Washington, D. C., and the Laboratory Service, Brooke Army Hospital, Fort Sam Houston, Tex. 
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anti-A serum was determined just before the 
transfusion and thirty minutes after. The increase 
of unagglutinable red cells represented the trans- 
fused cells. The total volume of red cells in the 
patient’s circulation prior to the bleeding and 
transfusion was calculated by this formula: 


VP 
Vol RBC = —- + (V — v) 


Where P = patient’s red cell count in millions, 
I = increase of the unagglutinable RBC count 


O= HEREDITARY NONSPHEROCYTIC 
6 ~ HEMOLYTIC ANEMIA 

X= HEREDITARY SPHEROGCYTOSIS 


° 
x 
T 


T 
10 12 14 


PATIENTS RBC x105 IN NORMAL SUBJECT 


DAYS AFTER TRANSFUSION 


Fic. 1. The average survival time of red cells of patients 
with hereditary hemolytic disease after transfusion into 
normal recipients. The curve of decay of the non- 
spherocytic cells approximated a straight line, and 
their average life span was taken to be twelve days. 
The average life of the spherocytic cells was estimated 
to be eleven days. This was found by extending to the 
base line the initial rapidly falling portion of the curve 
of decay. Mathematical justification of this procedure 
has been presented by Dornhorst.’ 


in millions, V = volume of RBC transfused into 
the patient and v = volume of RBC donated by 
the patient. The values for V and v were calcu- 
lated from hematocrits of blood taken from the 
transfusion bottles. 

The blood that was withdrawn from each 
patient was immediately transfused into a 
healthy recipient of blood group AB. Survival 
of the transfused cells was determined by 
Young’s modification of the Ashby method.*! 
The average life span of the transfused cells was 
established by procedures described by Dorn- 
horst’ and demonstrated in Figure 1. 


The daily production of red cells (in cubic 
centimeters) was determined by dividing the 
total red cell volume (in cubic centimeters) by 
the red cell survival time (in days). Because the 
hemolytic-erythropoietic system was in equi- 
librium, this figure also represents the daily 
destruction of red cells. The daily production 
and destruction of hemoglobin was estimated 
to be one-third the mass of the red cells, the 
cells being normochromic. 

Fecal urobilinogen was determined by Spark- 
man’s method.?® Each day’s specimen was 
analyzed separately and the results of four or 
more consecutive days were averaged. 


RESULTS 


The results of these investigations are sum- 
marized in Table 1 and in Figures 1, 2 and 3. 

The patient with hereditary spherocytosis 
donated red cells whose average life span in a 
normal recipient was eleven days. The figure 
agrees well with the findings of others who have 
determined the survival of the abnormal red cells 
of this disease.*:1°.?° The average suvival of the 
red cells from the patient with non-spherocytic 
hemolytic anemia was twelve days. Mollison has 
recently determined the survival of the red cells 
from such a patient and found it to be fifteen 
days.}® 

The normal red cells transfused into both 
patients survived normally. The rate of disap- 
pearance in each case indicated a life span of 
more than 100 days. The total red cell volume 
of both patients was found to be diminished by 
about 25 per cent, as compared with the normal. 
When the total red cell volume was divided by 
the average life span of the red cells, to learn 
the proportion replaced each day, it was found 
that the rate of erythropoiesis was approxi- 
mately seven times greater than the normal. 
(Table 1.) 

The average daily excretion of urobilinogen 
in the patient with hereditary spherocytosis was 
760 mg. for a period of five days. The fecal 
urobilinogen of the patient with non-sphero- 
cytic hemolytic anemia was determined each 
day for fifty-one consecutive days (Fig. 2) and 
on another occasion for fourteen days. (Fig. 3.) 
On the latter occasion the daily urinary uro- 
bilinogen was also determined. When the 
values were averaged in four-day aggregates, a 
‘cyclical’? pattern of excretion was revealed, 
the cycles extending over about twenty-five days. 
The amplitude of variation was great, amount- 
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ing to a difference of some 1,500 mg. per day 
between the highest and the lowest averages. 
The descending slope of each curve was steeper 
than the rising slope. The variations were un- 
related to the patient’s bowel habits. There was 
no consistent relationship between the weight 
of the feces and the amount of urobilinogen. 


275 
For example, the four days’ output of urobilino- 
gen, averaged to obtain the figure of 405 mg. on 
the eight day in Figure 2, was contained in four 
stools that averaged 210 gm. in weight. On the 
twenty-fourth day in Figure 2 the urobilinogen 
output is shown to be 2,050 mg. The average 
weight of those four stools was 181 gm. The 


TABLE I 
THE PRODUCTION OF RED BLOOD CELLS AND HEMOGLOBIN BY PATIENTS WITH CHRONIC 
HEMOLYTIC ANEMIA * 


| Increase | 

| of Inag- | | Fecal 

| glutin- | Volume of | | Daily Production | Urobilinogen 
able | RBC | (mg. /day) 
RBC | 
after 

Trans- | 
| fusion 
(millions) 


. Hereditary sphero- 
2. Non-spherocytic 


1,400 760 


1,575 | 1,300 


35 | 0.53 | 1,630} 23 | 12 
220 [50-250 


* The normal is based upon the best available figures for red cell mass?’ and red cell survival time.! 


20004 ae 


MGM. PER DAY 


10 20 30 40 50 
DAYS 

Fic. 2. An apparently cyclic pattern of fecal urobilinogen excretion in a patient 
with hereditary non-spherocytic hemolytic anemia. Each point represents a 
four-day average; the first point is the average of days 1-4, the second of days 
2-5, etc. Although only 48 points are shown, the data cover a period of fifty-one 
days. During this time the patient’s hemoglobin and plasma bilirubin remained 

at a constant level, and he remained in good health. The urobilinogen excre- 
tion appears to vary according to a 25-day cycle. 
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average daily excretion of urobilinogen for the 
twenty-five-day cycle was 1,250 to 1,350 mg. 
The urinary urobilinogen was found to vary 
inversely with the changes in fecal urobilinogen. 


(Fig. 3.) 


@= FECAL IN 
X= URINARY IN MGM 


EXCRETED UROBILINOGEN 


T 
15 


DAYS 


Fic. 3. An apparently inverse relation between fecal 
and urinary urobilinogen excretion. The patient is the 
same as in Figure 3. Periods of simultaneous low fecal 
and high urinary urobilinogen could be due to very 
active intestinal absorption of the pigment. Alter- 
natively, they might be due to inhibition of hepatic 
excretory function. By damming back bilirubin this 
would cause the fecal urobilinogen to fall; by damming 
back the recirculating urobilinogen in the plasma it 
would cause more to appear in the urine. Against this 
stands the fact that the plasma bilirubin did not vary. 
The 25-day “cycle’”’ shown in Figure 4 may not be as 
regular as it appears. The peak of the curve shown 
above fell on November 25th, sixty-five days before the 
peak of the 29th day in Figure 3. It is obvious that these 
peaks do not fit a 25-day pattern. 


COMMENTS 


Definition of Hemolytic Anemia. As a_ pre- 
liminary to discussion of the significance of 
these findings a definition of hemolytic anemia 
is necessary. One that is often used, ‘“‘anemia 
that results when red cell destruction exceeds 
red cell production,” is not adequate. While 
it is obvious that hemolytic anemia does result 
from such an imbalance, it is also true that even 
in severe hemolytic disease blood destruction 
cannot exceed blood production for any con- 
siderable length of time. Destruction can exceed 
production only at the expense of the red cells 
in the circulation, and a falling red cell count 
is evidence of this unbalanced situation. It 
occurs during hemolytic crises, but in chronic 
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hemolytic disease the balance between red cell 
production and destruction is usually in fairly 
good equilibrium. A constant level of hemo- 
globin, however low, indicates that production 
of hemoglobin equals destruction. 

Implicit in the argument is the conclusion 
that when the production of red cells is constant 
the number of red cells in the circulation depends 
upon their life span. In the circulating blood 
of a normal man of 70 kg. the volume of red 
blood cells is approximately 2,250 cc.,?”7 equiva- 
lent to 750 gm. of hemoglobin. It is well estab- 
lished that the average survival time of normal 
red cells in a normal circulation is about 120 
days.1 Each day 909 of the red cell mass is 
destroyed and replaced. This exchange involves 
approximately 18.18 cc. of red cells or 6.25 gm. 
of hemoglobin. It is a function of the bone 
marrow to produce red cells in sufficient quanti- 
ties to maintain a normal volume of hemo- 
globin in the circulation. If the survival time of 
the red cells were reduced by half (sixty days) 
without a compensating increase of erythro- 
poiesis, the circulating red cell mass would be 
reduced by half, although the number of red 
cells produced and destroyed each day remained 
unchanged. Actually, a normal bone marrow 
would respond to such a demand and would 
double the output of red cells. Under these 
circumstances the rate of red cell replacement 
would be doubled but the red cell mass would 
remain normal in size. Ten cc. of cells that 
survive sixty days are equivalent to 5 cc. that 
survive 120 days. The system is in equilibrium 
but on a higher plane than normal. (Fig. 4.) 
This example of abnormal hemolysis without 
anemia represents a completely compensated 
hemolytic disease. 

The compensatory ability of the bone marrow 
is even greater than this. Hedenstedt!? has 
shown that hereditary elliptocytes survive thirty 
to forty days, yet in his patients there was no 
anemia and indeed no clinical evidence of 
increased hemolysis. Mollison!* has described a 
patient with acquired hemolytic disease who, 
when anemia had completely disappeared, still 
destroyed transfused red cells within twenty- 
seven days. One of the patients with hereditary 
spherocytosis studied by Dacie and Mollison* 
had red cells with an average life span of 
twenty-five days. This patient was not anemic.'* 
When the red cell survival time is thirty days, 
the bone marrow in order to prevent anemia 
must elaborate four times the normal require- 
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Fic. 4. Pathogenesis of anemia: The normal volume of circulating hemoglobin is approximately 10.75 gm. 
per kg. of body weight (750 gm. in a 70 kg. man). This mass of hemoglobin is maintained by a balance between 
erythropoiesis and hemolysis. Since the average survival of normal red cells is 120 days, it follows that the entire 
mass of hemoglobin in normal people is replaced every 120 days. In hemolytic disease the exchange of new red 
cells for old is accelerated, but anemia does not result if erythropoiesis is adequate. So far as the mass of hemo- 
globin is concerned, 60 red cells that survive only 12 days are the equivalent of 6 cells that survive 120 days. 
This compensatory relation of hemoglobin synthesis and survival is expressed in this figure by the curve AD. 
When the survival time is shortened, as in hemolytic disease, more hemoglobin must be produced in order to 
maintain the normal volume of hemoglobin in the circulation. The portion of the curve BC represents the range 
in which complete compensation is possible. It presents the requirement for hemoglobin as well as the produc- 
tion. The limit of the bone marrow’s ability to increase production imposes a physiologic barrier at point B. 
If the survival of hemoglobin (i. e., red cells) grows even shorter, the requirement continues to mount along the 
line BA, but production is fixed at BE. The degree of anemia that exists under those circumstances is propor- 
tional to the difference between requirement and supply. At the other end of the curve where the hemoglobin 
survives for a normal 120 days the same principle applies. When the bone marrow fails to provide an adequate 
replacement, an extension of the life span of the red cells in the direction CD would be a compensating device. 
But there is another physiologic barrier at this point. Few red cells survive beyond 120 days. When the number 
produced is less than the requirement, as in aplastic anemia, the need for a compensatory extension of the red 
cell life span is indicated by CD. Actual production descends along CF and again the anemia is proportional 
to the difference. The degree of anemia may be formulated thus: 


_ 5 X 100 
R 


A 


Where A = anemia in per cent of normal, 
S = actual supply of hemoglobin and 
R = the requirement. 

Otherwise 


T X Hb 


Where t = observed survival time of hb (in days), 
hb = observed production of hb per day, 

T = normal survival (120 days) and 

Hb = normal production (0.09 gm./kg./day). 
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ment for red cell replacement. The examples 
just cited indicate that the marrow can do this. 
Somewhere, however, there is a limit to the 
ability to compensate for increased hemolysis. 
When the requirement exceeds this limit, hemo- 
lytic anemia results. 

Hemolytic anemia may therefore be defined 
as an anemia that results when the average 
survival time of the red cells is so short that the 
maximum erythropoietic effort of an unin- 
hibited bone marrow is unable to maintain a 
normal volume of red cells in the circulation. 

Pathogenesis of Anemia in Hemolytic Disease. In 
our two patients the average life span of the red 
cells was about twelve days or }4 9 of the normal 
120 days. With such red cells ten times the 
normal rate of production would be required to 
maintain a normal mass of hemoglobin. The 
requirement was not met. The presence of 
anemia indicates that the demand for red cell 
replacements had exceeded the limit of the bone 
marrow’s capacity to respond. By correlating 
the survival time of the abnormal red cells with 
the patient’s total red cell volume, it was found 
that the bone marrow—although hyperplastic, 
well nourished and stimulated by chronic 
anemia—was able to produce about seven 
times the normal amount of red cells and hemo- 
globin per day. (Table 1.) The marrow appar- 
ently reached the limit of its ability to com- 
pensate when the average red cell survival time 
was reduced to about fifteen to twenty days. 
At that rate of hemolysis, six to eight times the 
normal, the hyperactive marrow of our patients 
could, theoretically, have maintained a total 
red cell volume of normal size. They became 
anemic because the average life span of their 
erythrocytes was even less. 

The degree of anemia that develops under 
these conditions is proportional to the difference 
between the actual red cell production and the 
amount of red cells required to keep the total 
volume at a normal level. (Fig. 4.) For example, 
if an ideal red cell volume in a hypothetic 
patient was 2,000 cc. and the limit of erythro- 
poietic capacity was 100 cc. of red cells per day, 
there would be enough red cell production to 
maintain the red cell volume when the life span 
of the cells was no less than twenty days (100 
xX 20 = 2,000). If, however, the cell survival 
were ten days there would be only half enough 
red cells, and the red cell mass would then be 
1,000 cc. (100 X 10 = 1,000). With a five-day 
survival the red cell mass would be 500 cc. 
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When the erythropoietic-hemolytic system is in 
equilibrium and the marrow is working at its 
maximal capacity, the daily production of red 
cells and hemoglobin is fixed. 

The rate of hemolysis is necessarily limited by 
the rate of erythropoiesis. It is not possible to 
destroy more red cells then are being produced, 
at least not for long. Such spendthrift hemolysis 
is accomplished only at the expense of a progres- 
sive reduction of the mass of hemoglobin in the 
circulation. During a hemolytic crisis in the 
hypothetic patient with chronic hemolytic 
disease the average survival time of red cells 
might be shortened from fifteen days to five 
days. The red cell volume would then fall from 
1,500 cc. to 500 cc. During this fall the rate of 
hemolysis would temporarily exceed the rate of 
destruction. When the new level was reached, 
an equilibrium would be re-established although 
each day the same 100 cc. of red cells were 
created and 100 cc. destroyed. During the period 
of recovery from the hemolytic crisis, when red 
cell survival increased from five days to fifteen 
days, production would temporarily exceed 
hemolysis. A similar temporary imbalance oc- 
curs when the marrow reduces its output as it ap- 
parently does during the aregenerative (aplastic) 
crisis of chronic hemolytic anemia.?° During 
this crisis the total volume of red cells decreases, 
not because of a change of the red cell life span 
but because production has been curtailed. 
Nevertheless, hemolysis outstrips production 
until the system achieves equilibrium at the new 
level. The severity of the anemia would, of 
course, be proportional to the difference be- 
tween the requirement for red cell replacement 
and the supply. (Fig. 4.) During recovery from 
an aregenerative crisis, production exceeds hemo- 
lysis until the red cell volume has re-expanded. 

These simplified examples serve to illustrate 
the pathogenesis of anemia in hemolytic disease 
and to emphasize the fact that the red cell 
volume in the circulating blood depends upon 
two factors: the rate of erythropoiesis and the 
average life span of the red cells. 

Limits of Hemoglobin Synthesis in Hemolytic 
Disease. It is open to question whether a hemo- 
globin output of 0.60 to 0.65 gm. per kg. of body 
weight per day represents the limit of erythro- 
poietic capacity of normal adults. An output of 
this magnitude, as demonstrated in our two 
patients, is probably fairly representative of 
most adults with a chronic stabilized hemolytic 
anemia of moderate intensity. In Table 1 the 
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figures for several types of chronic hemolytic 
anemia are given. It is seen that the rate of 
hemoglobin production in sickle cell anemia is 
only a little less than it was in our two patients. 
In Cooley’s anemia, pernicious anemia and 
paroxysmal nocturnal hemoglobinuria the pro- 


TABLE 

PRODUCTION OF HEMOGLOBIN IN VARIOUS CHRONIC 
HEMOLYTIC DISEASES ASSOCIATED 

WITH ABNORMAL RED CELLS * 

| 

| Hemo- 
globin Life Span 
(gm./ | of RBC 
100 cc. | (days) “rr 8. 

of blood) ay) 


Production 


Sickle cell anemia? 


* This information is taken from several reports of red cell survival. 
The average life span was determined by the method of Dornhorst. 
(Fig. 1.) The blood volume is estimated to be 65 cc. per kg. of body 
weight. The daily production of hemoglobin in grams per kg. of body 
weight is calculated on the following formula: 


0.65 X Hb 
P= 7 


Where Hb is the concentration, in grams per 100 cc. of hemoglobin in 
the circulating blood and T is the average life span of the patient’s red 
cells. The production of hemoglobin in normal adults is about 0.09 gm. 
per kg. per day. (Table 1.) 


duction of hemoglobin is considerably less, being 
only three to four times the normal rather than 
six to eight times. In these latter diseases a relative 
inhibition of bone marrow appears to exist. 

In chronic hemolytic disease the bone marrow 
reacts to compensate for increased blood destruc- 
tion by producing hemoglobin at four to eight 
times the normal rate. In most patients and in 
most of these chronic diseases the rate seems to 
be about six or seven times the normal. From 
this it may be concluded that in such cases the 
bone marrow is able to compensate completely 
for a hemolytic process in which the average 
life span of the red cells is reduced to about 
twenty days or )éth of the normal. When the 
life span becomes shorter than that, anemia 
results. 

Is the bone marrow capable of a further effort 
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should the anemia be more severe? * The animal 
experiments of Whipple’s group”? indicate that 
in chronic moderate hemorrhage anemia the 
regeneration of hemoglobin was less than that 
found in severe anemia but these figures were 
not corrected for the loss of blood occurring by 
normal attrition. However, it is possible that the 
synthesis of hemoglobin in chronic hemolytic 
anemia is greater than our estimates indicate. 
The average survival time of these patients’ 
abnormal red cells was determined with trans- 
fused blood. The method does not take into 
account the possibility that the bone marrow 
may produce a portion of extremely fragile red 
cells with so short a survival time that they are 
not represented in the transfused blood. Evi- 
dence in support of this conjecture is to be found 
in the urobilinogen excretion of our patient with 
non-spherocytic anemia. Periodically the rate of 
excretion approximated 2,000 mg. per day 
(Fig. 2) which implies a rate of hemolysis and 
hematopoiesis of about 0.80 mg. per kg. per day. 
Further indirect evidence of an extremely fragile 
component of red ceils has been provided by 
experiments with N?!®*-labelled hemoglobin re- 
ported by Shemin and his associates.!*14 Iso- 
topic hemoglobin was produced when glycine 
that contained N** was fed to a subject. The 
isotopic nitrogen was incorporated into the 
porphyrin of the hemoglobin molecules. When 
the red cells were destroyed, the subject’s feces 
were found to contain isotopic (N?*) urobilino- 
gen derived from the porphyrin. The peak of 
the excretion of N’* urobilinogen occurred 
about 125 days after the feeding of glycine, 
indicating the average survival time of the red 
cells. But there was also a minor peak of uro- 
bilinogen excretion which occurred just after 
the glycine was fed, during the production of 
N}-labelled red cells. This initial excretion of 
N?* urobilinogen has been widely interpreted to 
indicate that there are sources of bile pigment 
other than hemoglobin. London" has suggested, 
as an alternative explanation, that part or all 
of the early appearing urobilinogen may be 
derived from extremely short-lived red cells. 
In normal men and women the early isotopic 
urobilinogen amounted to about 10 per cent of 


* A very high proportion of reticulocytes in severe 
hemolytic anemia does not necessarily reflect an increase 
of hemoglobin production beyond that encountered in 
moderate hemolytic anemia. It probably occurs because 
the red cells are being released earlier, though in no 
greater numbers, and because few of the red cells survive 
beyond the time required for maturation of reticulocytes. 
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Cooley’s anemia?! | 
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the total daily excretion.* In sickle cell anemia 
and pernicious anemia, both of which are 
chronic hemolytic diseases associated with de- 
fectively formed red cells, the early isotopic 
urobilinogen amounted to about 30 per cent of 
the daily totals. This suggests that a large pro- 
portion of the bone marrow’s erythropoietic 
Capacity in these diseases is ‘“‘wasted” in the 
futile production of abortive, completely non- 
viable red cells. For example, the extensive phago- 
cytosis of nucleated red cells in the bone marrow 
of pernicious anemia indicates*that much of the 
hemoglobin synthesized in this disease never 
reaches the peripheral circulation.®”! If such 
were the usual case in other chronic hemolytic 
anemias, the computed output of 0.6 gm. of 
hemoglobin per kilo per day would be in error. 
But, at the same time, it would represent 
the limit of erythropoietic capacity even 
though it measured only the output of “‘useful’’ 
hemoglobin. 

The possibility that transfused red cells sur- 
vive differently in a normal circulation than 
they do in their native habitat cannot be gain- 
said. That possibility is a recognized limitation 
of the Ashby method but the results of the 
method generally correlate well with results 
obtained by other more intricate technics.! 

The Relation of Erythropotesis to the Formation of 
Bile Pigment. (Fig. 5.) The theory now goes 
that the porphyrin components of the hemo- 
globin molecule are degraded to bilirubin when 
the red cell is hemolyzed. The bilirubin is 
excreted by the liver into the bowel where it is 
reduced to urobilinogen. Each gram of hemo- 
globin is believed to be capable of producing 
about 35 mg. of bilirubin from which, theoreti- 
cally, a like amount of urobilinogen should be 
derived.'* The rate of excretion of bile pigment 
is therefore a reflection of the rate of hemolysis 
and, like the rate of hemolysis, is a function of 
the rate of red cell production and the average 
life span of the red cells. A normal 70 kg. man 
who elaborates and destroys 6.25 gm. of hemo- 
globin each day should produce 220 mg. of 
urobilinogen. A 70 kg. patient with chronic 
hemolytic disease whose marrow is working at 


* If one assumes that the early-appearing 10 per cent 
of urobilinogen originates, in large part, from the hemo- 
globin of nonviable red cells, the daily production of 
hemoglobin in a normal man would be 0.1 mg. per kg. 
rather than 0.09 as computed in Table 1. In any case the 
anticipated excretion of urobilinogen would be increased 
by 10 per cent. In a 70 kg. man it would be 240 mg. 
per day. 
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or near capacity to produce 40 gm. per day of 
hemoglobin should produce 1,400 mg. per day 
of bilirubin. Rarely in either case does the 
actual amount of urobilinogen recovered from 
the feces equal the amount anticipated. (Table 
I.) 

The constancy of the plasma bilirubin level 
indicates that the liver excretes bile pigment at 
the same rate at which it is formed.* The high 
level of plasma bilirubin in chronic hemolytic 
anemia indicates that the excretory function 
lags behind production by several hours. The 
excretion of bilirubin moves apace with bili- 
rubin production but does not keep abreast. 

The excretion of bile pigment by the liver is 
believed to represent faithfully the amount of 
hemoglobin that is destroyed. At approximately 
normal rates of hemolysis, experiments have 
shown that 90 to 100 per cent of anticipated bile 
pigment can actually be recovered from a bile 
fistula.? This bilirubin is changed in the bowel 
to urobilinogen. Excretion of the latter pigment 
is rather variable. When collections of normal 
feces are made over long periods of time, the 
amount of urobilinogen recovered each day 
(from the exemplary 70 kg. man) usually falls 
short of the anticipated 220 mg. The normal 
range is stated to be 50 to 250 mg. per day for 
normal adults.'7?% Miller, Singer and Dame- 
shek!’ correlated fecal urobilinogen excretion 
with the hemoglobin mass and found emperically 
in normal healthy subjects that 10 to 20 mg. 
were excreted for each 100 gm. of circulating 
hemoglobin. Assuming a normal red cell survival 
time of 120 days there should have been 29 mg. 
if all of the bilirubin had been converted to 
urobilinogen and excreted. The same sort of 
discrepancy is noted in chronic hemolytic dis- 
ease. It was calculated above that an adult with 
chronic hemolytic anemia in a state of equilib- 
rium destroys each day enough hemoglobin to 
provide about 1,500 mg. of bilirubin. Our second 
patient showed a fairly good correspondence 
between the anticipated (1,575 mg.) and the 
actual (1,300 mg.) excretion of urobilinogen. 
The patient with hereditary spherocytosis did 
not. The anticipated urobilinogen excretion was 
1,400 mg. per day but the actual excretion was 
half of that. The low value agrees well with 


*If the 1,400 mg. of bilirubin formed each day in 
chronic hemolytic disease were not excreted at all, the 
pigment would accumulate in the plasma at the rate of 
60 mg. per hour, which is enough to raise the concen- 
tration of bilirubin in 3,000 cc. of plasma by 2 mg. per 
100 cc. per hour. 
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BILE PIGMENT METABOLISM IN 
CHRONIC HEMOLYTIC ANEMIA 


Fic. 5. Bile pigment metabolism in chronic hemolytic anemia. With the bone 
marrow working at full capacity and the anemia stabilized, the amount of hemo- 
globin destroyed each day should equal the amount produced, and that amount 
should be constant. The diagram represents the situation in a 70 kg. adult whose 
marrow is working at the limit of its erythropoietic capacity. Approximately 
1,500 mg. of bilirubin are elaborated each day. A failure of correspondence 
between that figure and the amount of urobilinogen excreted is due to loss of 
urobilinogen during the process of recirculation or perhaps by excessive dehydro- 


genation in the colon. 


those from other patients with hereditary 
spherocytosis whom we have examined and 
with the published results of other investiga- 
tors.17829 The daily excretion may range from 
400 to 1,400 mg. The amount usually found is 
about 700 to 900 mg. per day. The reason for 
the discrepancy between hemoglobin destruc- 
tion and urobilinogen excretion has not been 
definitely established but there are several 
possible explanations. (1) The porphyrin from 
the degraded hemoglchin molecules may not be 
converted quantitatively to bilirubin. (2) The 
bilirubin may not be represented quantitatively 
as urobilinogen in the feces. In support of the 
first possibility Grinstein and his associates® 
working with isotope-labelled hemoglobin have 
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found isotopic protoporphyrin in the feces 
derived, evidently, from this hemoglobin, sug- 
gesting that there is at least one alternative 
pathway, however small, of hemoglobin degra- 
dation. There may be others. In support of the 
second possibility it has been determined that 
there often exists a wide discrepancy between 
the anticipated excretion of urobilinogen and 
the amount actually recovered.!? It has long 
been known that a large proportion of the uro- 
bilinogen is absorbed from the bowel and some 
is reexcreted by the liver.*® During the re- 
circulation some pigment is lost.!? Constipated 
subjects excrete much less urobilinogen in their 
feces than those whose bowels move freely.”* 
This has been interpreted to mean that stasis of 
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feces in the large bowel allows urobilinogen to 
be absorbed and that much of the recirculated 
pigment is destroyed. The amount excreted in 
the urine is quite small. (Figs. 3, 5.) 

Other ways may exist whereby the quantita- 
tive relationship between bilirubin and _ uro- 
bilinogen excretion is disturbed. There is, for 
example, a possibility that within the colon 
itself some of the pigment may be degraded 
beyond the point where it can be recognized by 
the reactions for urobilinogen and urobilin. 
Watson* suggests that such pigments as coproni- 
grin and mesobilifuscin may represent bilirubin 
that has undergone excessive dehydrogenation. 

The discrepancy between the rate of hemoly- 
sis and the excretion of urobilinogen has been 
stressed in order to emphasize the significance 
of the fecal urobilinogen. It is fairly certain that 
a sustained increase of fecal urobilinogen is 
diagnostic of hemolytic disease but the quantity 
of urobilinogen recovered from the stool is not 
necessarily an accurate index of hemolysis. 

The ‘‘Cyclical”’ Excretion of Urobilinogen. ‘The 
cause of an apparently cyclical pattern of uro- 
bilinogen excretion in the patient with non- 
spherocytic anemia is unknown. (Figs. 2, 3.) It 
is believed not to be related to a variation in 
hemolytic activity. The patient’s hematocrit 
remained at a constant level, and although the 
reticulocyte count varied from 6 to 14 per cent 
the variations were unrelated to the changes in 
urobilinogen excretion. It is conceivable that 
intermittent inhibition of hepatic excretory 
activity might cause a swing in the rate of 
urobilinogen excretion in the feces. If this were 
the mechanism it would be possible also to 
explain the increased excretion of urinary uro- 
bilinogen. If, however, the variations of fecal 
urobilinogen were due to retention of bilirubin 
one would expect the plasma bilirubin to rise 
when excretion slowed. But in this patient the 
bilirubin remained constant. A constant level 
of plasma bilirubin existing in the face of 
variable hepatic excretory activity could only 
be possible if there were alternative pathways 
of hemoglobin degradation which varied in 
activity reciprocally with that of the liver. 

The ‘‘cyclic’” phenomenon was not due to 
retention of feces. The size of the stools bore no 
consistent relation to the amount of urobilinogen 
excreted each day. 

The absorption of urobilinogen from the 
intestinal tract can make a great difference in 
the total amount that is excreted. It has been 
estimated that 30 to 70 per cent of the bile 


pigment passing down the intestine is absorbed 
from the colon as urobilinogen.'? This pigment 
is carried by the plasma to the liver where it is 
removed and - presumably re-excreted. The 
small amount of urobilinogen that appears in 
the urine is cleared from the plasma by the 
kidney during this re-circulation. (Fig. 5.) The 
urine is not the only channel whereby uro- 
bilinogen may be lost from the pathway of fecal 
excretion. A portion of the total urobilinogen 
that varies from 0 to 80 per cent cannot be 
accounted for by analysis of the feces.12 The 
amount lost is greater in constipated subjects, ”* 
suggesting that reabsorption may play some 
part in the discrepancy between the anticipated 
urobilinogen and the amount actually recovered. 
The cyclical variation of urobilinogen in our 
patient may have been related to reabsorption 
of the pigment, the periods of low excretion 
corresponding, perhaps, with periods of intense 
reabsorptive activity of the colon. The increased 
amount appearing in the urine at such times 
(Fig. 3) might then be related to an increased 
concentration of the pigment in the plasma. 
The ‘‘cyclical’’ excretion of urobilinogen—if, 
indeed, these variations represent a cycle—is a 
phenomenon that requires further investigation. 


SUMMARY AND CONCLUSIONS 


1. Hemolytic disease exists when the average 
survival time of the red cells in the circulation is 
less than the normal (approximately 120 days). 
The bone marrow responds to the demands of 
abnormal hemolysis by producing greater 
quantities of hemoglobin. The shorter the life 
span of the red cell, the greater is the require- 
ment for new red cells to maintain in the blood 
a mass of hemoglobin of normal size. Hemolytic 
anemia results when the average life span of the 
red cell becomes so short that the marrow, 
working at the limit of its erythropoietic capac- 
ity, is unable to provide an adequate number of 
replacements. 

2. It is demonstrated that in chronic hemoly- 
tic disease, as exemplified by hereditary sphero- 
cytosis and hereditary non-spherocytic hemo- 
lytic anemia, anemia develops when the average 
survival of red cells is less than fifteen to twenty 
days. This implies a production of hemoglobin 
of approximately 0.6 gm. per kg. of body weight 
per day. Normal production is estimated to be 
about 0.09 gm. per kg. per day. The well 
nourished, hyperplastic bone marrow of these 
slightly anemic but otherwise healthy men was 
capable of producing about seven times the 
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normal output of hemoglobin. It is suggested 
that the output in sickle cell anemia is slightly 
less, and it is considerably less in pernicious 
anemia and Mediterranian anemia. 

3. The output of bile pigment is geared to the 
amount of hemoglobin produced. A normal man 
producing (and destroying) 6.25 gm. of hemo- 
globin each day should produce 220 mg. of 
bilirubin. In chronic hemolytic disease with the 
bone marrow working at the limit of its ery- 
thropoietic capacity to produce 45 gm. per day 
of hemoglobin, the production of bilirubin 
should be 1,500 mg. Usually much less than 
this amount of urobilinogen can be recovered 
from the feces. This provides additional evi- 
dence that bile pigment is not excreted quanti- 
tatively as urobilinogen. 

4. The results of an extended series of de- 
terminations of the fecal urobilinogen in one 
patient indicate that there may be cyclic varia- 
tions in urobilinogen excretion. 
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INCE the isolation of vitamin Bye in 19481.” 
many clinical studies have demonstrated 
the effectiveness of this substance in over- 

coming the manifestations of pernicious ane- 
mia.*-? There is much evidence to suggest that 
vitamin By, or a closely related compound is the 
anti-pernicious anemia principle.’~* Neverthe- 
less, the question has been raised whether vita- 
min By. alone is adequate therapy for this 
disease. It has been suggested by some that 
patients with pernicious anemia may have a 
deficiency not only of vitamin Bi, but of certain 
other nutritional factors.'°-!? The purpose of 
the present report is to summarize observations 
on a large group of patients with pernicious 
anemia who have been treated only with vita- 
min By. for periods ranging from one to more 
than three years. 

More than 100 patients with pernicious 
anemia have been treated with vitamin By at 
the Johns Hopkins Hospital.t Many of these 
individuals had previously received injections 
of liver extract but others were in relapse and 
had had no prior therapy. The initial hema- 
tologic responses of previously untreated pa- 
tients were similar to those reported by many 
other investigators*~* and will not be described 
in detail. However, certain aspects of the early 
effects of therapy seem worthy of comment. 


INITIAL RESPONSE TO THERAPY 


The parenteral administration of vitamin By» 
to patients with pernicious anemia in relapse 
was followed by changes which were in every 

+ The crystalline vitamin By. used in these studies was 


generously supplied by Merck and Co., Inc., Rahway, 
N. J. 


way similar to those produced by the injection 
of potent liver extracts. 

Blood Changes. The hematologic response of 
every patient treated was satisfactory. Seven 
patients were given a single intramuscular in- 
jection of vitamin By. and were then observed 


TABLE 1* 


Hemato- 
crit Peak 


Reticulo- 
cyte Peak 
Patient (Age, 
Race and Sex) 


* The response of patients with pernicious anemia in 
relapse to a single intramuscular injection of vitamin 
Bi2. No further therapy was given until it was evident 
that the hematocrit was no longer rising. 


without further therapy until maximal effect 
had occurred. The data of this study are sum- 
marized in Table 1. A single injection of 12.5 yg. 
of vitamin Bi. produced a striking response in 
some patients but was inadequate to effect a 
complete hematologic remission in patients in 
severe relapse. An injection of 100 ug. seemed 
to produce a maximal effect. When as much as 
100 wg. were given as the initial dose, the re- 
sponse did not appear to be enhanced appre- 
ciably by further therapy during the recovery 


* From the Department of Medicine, the Johns Hopkins University and Hospital, Baltimore, Md. This investiga- 
tion was in part carried out under contract number AT (30—1)—1208 between the Atomic Energy Commission and 
the Johns Hopkins University, and in part supported by research grants from the National Vitamin Foundation and 


the Squibb Institute for Therapeutic Research. 
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(ug.) | Ther-| Per Per 
: | apy | cent aay cent Day 

W. B. (66, C, M)| 12.5 | 19 | 25 | 5 | 37 | 26 

S. T. (71, C, M)| 12.5 | 12 | 23 | 6 | 23 | 16 

H. L. (46, C, F)} 25 6 | 1615 133 

W. K. (82, W, M)} 25 35 | z 4 41 35 

C. E. (57, C, M)| 25 30 2 6 32 7 

F. L. (62, W, F)} 25 17 | 18 | 5 | 34 | 17 

B. C. (58, C, F)|100 | 40 | 43 
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phase. The leukocyte and platelet counts, low 
prior to therapy, usually returned to normal 
before the red cell count and hematocrit reached 
normal values. 

General State of Health. Feeling of well-being 
often improved dramatically within seventy- 


HL. 
FL. 
e----* C.J. 5000 MICROGRAMS ORALLY 


3000 MICROGRAMS ORALLY 


oO 


MAXIMUM DAILY TEMPERATURE (RECTAL) 
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but when present subsided after treatment was 
begun. 

Neurologic Manifestations. Response of neu- 
rologic manifestations was quite variable. When 
symptoms were of short duration and of mild 
degree, rapid improvement usually occurred. 


25 MICROGRAMS INTRAMUSCULARLY 
25 MICROGRAMS INTRAMUSCULARLY 


DAYS AFTER ADMINISTRATION OF VITAMIN B, 


2 


Fic. 1. Effect of the administration of a single dose of vitamin Bi: on the tem- 
perature of patients with pernicious anemia in severe relapse. 


two hours following the administration of vita- 
min By. Fever, when present prior to therapy, 
subsided within a few days. (Fig. 1.) Most 
patients noted impressive improvement of 
strength within the first week. Five patients dis- 
played evidence of serious mental disturbance 
before treatment, with defective memory, con- 
fusion, torpor and psychotic trends. Remarkable 
improvement of the mental status of these 
patients occurred within one week and some- 
times within forty-eight hours. The blood 
pressure of hypertensive patients fell to normal 
levels during the period of relapse but rose again 
following the administration of vitamin Bye. 
Alimentary Symptoms. Soreness of the tongue, 
when present at the onset of therapy, was noted 
to disappear within forty-eight hours. Patients 
who previously had had intermittent soreness of 
the tongue had no recurrence of this symptom 
after initiation of vitamin By treatment. 
Anorexia, nausea and vomiting were frequently 
encountered in patients in severe relapse, and 
subsided within seventy-two hours after vitamin 
Bi. was administered. Diarrhea was not a 
prominent symptom in this group of patients 
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Six patients whose symptoms were limited to 
paresthesias with only mild sensory impairment 
were completely relieved of their neurologic 
abnormalities within two weeks. When neu- 
rologic involvement was of longer duration and 
more severe degree, response to therapy was 
more erratic. Some patients with severe ataxia 
associated with loss of peripheral vibration and 
position sense showed remarkable improvement 
after small amounts of vitamin B,2. On the other 
hand, some patients showed little or no im- 
provement after very large amounts of the 
vitamin. A number of patients displayed the 
manifestations of subacute combined degenera- 
tion in the absence of anemia. The normal 
blood values in these cases sometimes obscured 
the diagnosis, and in almost every case could be 
attributed to the injudicious or inadvertent ad- 
ministration of folic acid before the diagnosis of 
pernicious anemia was established.'* Of nine 
such patients studied six showed marked im- 
provement on vitamin By, therapy but all have 
residual neurologic changes. One patient with 
rapidly progressing subacute combined de- 
generation became transiently much worse 
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during the first week of intensive vitamin By. 
therapy. This phenomenon has previously been 
observed at the onset of therapy with refined 
liver extracts. With the exception of this case, 
development or progression of neurologic mani- 
festations was not observed during vitamin By». 
treatment. Striking neurologic improvement 
followed the administration of as little as 25 yg. 
of vitamin B,.'4 but most patients with neu- 
rologic abnormalities received much larger 
doses. 


RESULTS OF PROLONGED MAINTENANCE THERAPY 
WITH VITAMIN Bi2 


Fifty-four patients have been under close 
observation during a period of vitamin Bi. 
maintenance therapy exceeding one year. 
Forty-five had received regular injections of 
refined liver extract for various periods of time 
prior to the initiation of vitamin B2 therapy and 
all of these patients were in complete hematolo- 
gic remission. Six had persistent symptomatic 
evidence of residual neurologic disturbance and 
several others had signs of mild subacute com- 
bined degeneration. With few exceptions the 
maintenance regimen of liver therapy had 
been one injection of 45 units of refined liver 
extract given intramuscularly each six weeks. 
Liver therapy was discontinued when treatment 
with vitamin By. was instituted. Nine patients 
were in relapse when vitamin Bj. therapy was 
started and these have had no anti-anemia 
treatment other than vitamin By. 

Patients in relapse in almost all instances were 
hospitalized and carefully observed during the 
period of initial response to vitamin Bye. All of 
the out-patients were followed in the hema- 
tology clinic. Physical examination was per- 
formed at the time that vitamin By, mainte- 
nance therapy was begun and was repeated at 
intervals of six months or more often when 
indicated. Patients returned to the clinic regu- 
larly for injections of vitamin By2. The blood 
was examined every three months. An x-ray 
study of the upper gastrointestinal tract was 
made each six months in an effort to detect 
early gastric carcinoma. A number of patients 
were under treatment for a variety of other un- 
related conditions including diabetes, hyper- 
tension, cardiac disease, hypothyroidism and 
prostatic disease. However, no therapy for 
pernicious anemia was given other than vitamin 
By. No folic acid was administered to any 
patient in this group, nor were other vitamin 
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preparations employed. The patients were en- 
couraged to eat a normal diet and were not 
instructed to eat liver or any other special foods. 
Two patients received ferrous sulfate for several 
months after the initial response to vitamin By» 
because hypochromia of the red cells was noted. 
One of these patients was known to have had 
excessive menstrual bleeding. In both cases the 
hypochromia disappeared and did not recur 
after iron therapy was discontinued. 

Forty-eight patients were maintained on a 
dosage schedule of 45 wg. of vitamin Biz given 
in an intramuscular injection every six weeks. 
Two patients were given 150 ug. by injection 
every five months and one patient received 
150 wg. every four months. One patient received 
30 wg. every four weeks and two were given 
150 wg. every four weeks. None of the patients 
noted soreness of the tongue at any time during 
the period of vitamin By. therapy. In no case 
was there recurrence of alimentary disturbances. 
The absence of gastrointestinal symptoms has 
been impressive in this group of patients, all of 
whom had achlorhydria and none of whom was 
treated with hydrochloric acid. 

Blood Values. The results of blood examina- 
tions after vitamin By. maintenance therapy 
are summarized in Table u. The duration of 
therapy was taken as the interval from the 
beginning of vitamin By. treatment to the time 
of the blood examination recorded. In no in- 
stance has anemia developed. Furthermore, the 
mean corpuscular volume of the red cells 
showed no tendency to rise above normal. Care- 
ful examination of the stained blood films 
revealed that moderate anisocytosis was fre- 
quently present, although in some cases the 
smears appeared entirely normal. The presence 
of occasional macrocytes was often noted but 
the proportion of macrocytic cells was low. In 
rare instances a stippled red cell or Howell- 
Jolly body was seen. The blood of one patient 
showed a prominent increase in macrocytes 
with large numbers of Howell-Jolly bodies. The 
abnormal appearance of this patient’s blood 
has aroused interest since his disease was first 
treated more than twenty years ago, and these 
abnormalities have persisted during intensive 
therapy with various liver extracts as well as 
with massive doses of vitamin By». 

Neurologic Changes. None of the fifty-four 
patients maintained exclusively on vitamin By». 
therapy has shown evidence of progression of 
subacute combined degeneration. Of the forty- 
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TABLE 11* 


Dura- | 


tion Hema- Blood Values at End of Biz Study Period 
of tocrit . 


i Biz Dosage at 
Ther- Schedule | Onset |” 
and Sex | apy (ug.) of Bis 


(mo.) Ther- 
(yr.) 


. ((75, W, F) 
. 6 wk. 
. 6 wk. 
. 6 wk. 
. 6 wk. 
. 6 wk. 
. 6 wk. 
. 6 wk. 
. 6 wk. 
. 6 wk. 
. 6 wk. 
. 6 wk. 
. 6 wk. 
. 6 wk. 
. 6 wk. 
. 6 wk. 
. 6 wk. 
. 6 wk. 
. 6 wk. 
. 6 wk. 
. 6 wk. 
. 6 wk. 
. 6 wk. 
. 6 wk. 
. 6 wk. 
. 6 wk. 
. 6 wk. 
. 6 wk. 
. 6 wk. 
. 6 wk. 
. 6 wk. 
. 6 wk. 
. 6 wk. 
. 6 wk, 
. 6 wk. 
q. 6 wk. 
. 6 wk. 
. 6 wk. 
. 6 wk. 
. 6 wk. 
. 6 wk. 
q. 4 wk. 
.5mo. 
.5mo. 
.4mo. 
27 (24) . 6 wk. 
26 (12) . 6 wk. 
25 (24) . 6 wk. 
28 (28) . 6 wk. 
18 +335 . 6 wk. 
33 (33) . 6 wk. 
16 (16) q. 6 wk. 
25 (24) | 150 q. 4 wk. 
30 (30) | 150 q. 4 wk. 


3. 
4. 
5. 
6. 
8. 
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* The results of blood examinations after vitamin Biz; maintenance therapy are recorded. Patients 1 to 45 had 
previously been treated with injections of liver extract. Patients 46 to 54 received only vitamin Bj2. During the initial 
period of therapy of the latter group larger amounts of Bi. were usually given than were subsequently used for mainte- 
nance. The duration of the maintenance therapy schedule is indicated by the figure in parentheses. ¢ 

MCV = mean corpuscular volume; MCH = mean corpuscular hemoglobin; MCHC = mean corpuscular hemo- 
globin concentration. 
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| 
| 
| | | 
‘Hema- | Hemo- 
| | IMcv| MCH | MCHC} WBC 
| | | 
| 82| 26 32 5,600 
| 86| 26 31 9,700 
| 891 26 29 5,200 
79 | 23 29 6,600 
84 | 25 30 7,500 
84 | 29 33 8,500 
7,000 
86 | 28 32 6,200 
83 | 27 33 6,200 
10 88 | 28 32 5,900 
11 84 | 27 32 7,700 
12 96 | 30 32 7,600 
13 102 | 32 31 6,400 
14 89 | 29 33 6,300 
15 85 | 27 31 4,200 
16 85 | 27 32 6,900 
17 87 | 27 31 5,200 
18 84 | 26 31 7,100 
19 86 | 25 29 3,500 
20 89 | 26 29 8,800 
21 86 | 28 32 5,200 
22 87 | 27 ae 
23 83 24 29 8,000 
24 82] 25 31 6,600 
25 81 | 27 33 6,000 
26 88 | 26 30 | 10,200 
29 43 | 4] 27 33 | 5,000 
30 39 87 | 27 31 4,500 ae 
31 37 87 | 30 34 5,800 
32 44 86 | 28 32 8,100 
33 43 88 | 25 29 5,000 s 
34 43 85 | 28 33 5,100 
35 42 85 | 28 33 9,600 ; 
36 46 91 | 30 
37 50 85 | 26 
38 46 91 | 28 31 5,800 
39 48 100 | 31 31 | 5,000 
42 39 | g9| 28 | 32 | 4,300 
43 39 84 | 28 33 5,400 
44 | 43 94} 30 32 6,300 ees 
45 44 83 | 27 33 5,300 ; 
47 | 22 | 85 | 28 
48 | 33 | 94 | 29 31 | 9,800 
50 | 15 88 | 28 31 | 7,300 
51 | 12 83 | 26 32 5,300 
52. F. | 16 84} 25 30 4,200 
53. M. L 20 84 | 26 31 8,900 
54. F. W. 43 4,900 
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five patients who had previously been treated 
with parenteral liver extract only one has shown 
neurologic improvement. This patient had 
improved gradually during the period of 
therapy with liver, and the manifestations of 
subacute combined degeneration subsided en- 
tirely after treatment with vitamin By. for two 
and a half years. Other patients whose neu- 
rologic symptoms had remained static during 
prolonged liver therapy showed no improve- 
ment when treated with vitamin By. Of the 
nine patients who received no therapy other 
than vitamin By, three had residual neurologic 
changes after the initial period of therapy. 
Each of these patients continued to improve 
over a period of many months. 

Prothrombin Times.* Prolongation of the 
prothrombin time, not responding to vitamin 
Bie, has been reported to occur in patients with 
pernicious anemia.” Slight prolongation of the 
prothrombin time was noted in several patients 
in the present series during hematologic relapse. 
Following therapy with vitamin By. the pro- 
thrombin time returned to normal. The longest 
prothrombin time encountered prior to therapy 
was 35 seconds (30 per cent of normal) in a 
patient with severe anemia. This patient’s pro- 
thrombin time was normal after twenty-nine 
months of vitamin Biz, maintenance therapy. 
Prothrombin times were determined on the 
blood of forty-two patients at the conclusion of 
the study period of maintenance therapy. In 
every case the prothrombin time was unequivo- 
cally normal. 

Untoward Reactions to Vitamin By. Of the 
fifty-four patients observed during vitamin Bi: 
maintenance therapy forty-five had previously 
been treated with injections of liver extracts. 
Fifteen of these patients had had one or more 
significant reactions such as urticaria, fever, 
substernal oppression, abdominal pain, flush- 
ing, hypotension and dermatitis following the 


injection of liver. A few patients had had many . 


untoward reactions and attempts had been 
made in several cases to desensitize patients to 
liver. Liver therapy had been discontinued in 
one case because of a serious reaction. None of 
these patients has displayed an untoward reac- 
tion to the injection of vitamin By. Single 
amounts of crystalline vitamin By. as large as 


* Prothrombin times were determined in duplicate 
by a one-stage method employing rabbit brain thrombo- 
plastin which had been carefully standardized so that 
deviations from the normal were readily detected. 
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1,000 wg. have often been given intramuscularly, 
subcutaneously and intravenously, and in no 
instance has an undesirable effect been observed. 


TREATMENT OF PERNICIOUS ANEMIA WITH ORALLY 
ADMINISTERED VITAMIN Bj? 


Eleven patients with pernicious anemia in 
relapse were treated by administration of a 


TABLE 11* 


Reticulo- | Hemato- 
cyte Peak | crit Peak 
Patient (Age, 
Race and Sex) 


Per Per 
cent Day 


T. (61, CG, F) 
H. (69, C, M) 
T. (41, W, F) 
. J. (65, C, M) 
. J. (46, W, F) 
G. (58, W, M) 
_W. (68, W, M) 
C. (58, C, F) 
H. (78, W, F) 
. J. (63, G, F) 
K. (67, W, M) 


OOO 


* The response of patients with pernicious anemia in 
relapse to the oral administration of a single dose of 
vitamin Biz. No other therapy was given until the 
hematocrit value remained constant or was decreasing. 


single oral dose of vitamin By. Eight of these 
patients were hospitalized and maintained on a 
diet markedly deficient in vitamin By. during 
the period of study. The remaining patients 
were observed in the out-patient department 
and were permitted to eat a normal diet. 
Vitamin Bi. was administered at least several 
hours after a meal, and no food was permitted 
for one hour thereafter. The crystalline vitamin 
Bi2 was dissolved in a few milliliters of water. 
The dose ranged from 1,000 to 10,000 ug. In 
every case there was a striking hematologic 
response. The reticulocytes reached a maximum 
concentration on the fourth or fifth day, followed 
by a rapid rise of hematocrit values. When a 
single amount of 3,000 ug. or more was given, 
there was sometimes complete restoration of 
normal blood values without further therapy. 
(Table m.) The initial response to these large 
amounts of vitamin By. was indistinguishable 
from that previously described after parenteral 
administration of much smaller doses. There 
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| 

(ug.) | Ther- bey 

apy 
1,000} 18. 12 
2,000) 15. 19 
3,000} 14. 11 
3,000} 32. 11 
3,000) 32. 28 
3,000 17. 19 
4,000] 34. 21 
4,000] 16. 19 
4,800} 21. 26 
5,000} 15. 18 
10,000 35. 10 
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was prompt and_ striking improvement of 
the general condition, subsidence of fever, 
rapid disappearance of alimentary symptoms 
and progressive improvement of neurologic 
manifestations. 

A group of patients with pernicious anemia 
is being maintained on oral vitamin By, therapy. 
One patient (C. J., Table m1) has received only 
orally administered vitamin Bi: for twenty 
months. After the initial dose of 5,000 ug. this 
patient was given 1,000 ug. of Bis by mouth 
every four weeks. On this regimen hematocrit 
values fell to subnormal levels within four 
months. When the dose was increased to 
2,000 ug. every four weeks, the blood returned 
to normal and has been maintained at normal 
values. The patient remains in complete clinical 
remission. One other patient (A. J., Table m1) 
has received no treatment other than orally 
administered vitamin By.. She has been main- 
tained on 1,000 ug. every four weeks for fourteen 
months and is in complete clinical and hema- 
tologic remission. Fifteen additional patients are 
receiving 1,000 ug. of vitamin By orally each 
week, but the duration of the observation period 
is too short to determine whether this therapy 
will be adequate. Prothrombin times were 
determined on seven patients who have received 
no therapy other than orally administered 
vitamin By. In every case the prothrombin 
time was normal. 


INTENSIVE VITAMIN Big THERAPY OF SUBACUTE 
COMBINED DEGENERATION 


A group of patients with troublesome mani- 
festations of subacute combined degeneration 
was treated with large amounts of parenterally 
administered vitamin Bi:. Three patients had 
previously been maintained on parenteral liver 
extract therapy for twenty-two, seventeen and 
ten years. The neurologic abnormalities in these 
patients had shown no change for many years 
prior to the initiation of vitamin Bs therapy. 
Parenteral injection of 150 to 1,000 yg. of 
vitamin By, at intervals of one to four weeks 
over a period of five to seven months had no 
effect on the neurologic manifestations in these 
cases. 

Six patients seen in initial relapse had 
moderately severe neurologic manifestations. 
These patients received 150 ug. of vitamin Bie 
by injection at intervals of two to four weeks 
for eight to twenty-nine months. Five of these 
patients showed considerable neurologic im- 
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provement but the neurologic status of one 
patient was virtually unaltered. The neurologic 
response in these patients seemed to be no more 
rapid and no more complete than that which 
occurred in other patients receiving only 45 yg. 
of vitamin By» at six-week intervals. 


VITAMIN Bi2 FOR CONDITIONS OTHER THAN 
PERNICIOUS ANEMIA 


Vitamin By. deficiency has rarely been recog- 
nized at the Johns Hopkins Hospital in condi- 
tions other than pernicious anemia. In one 
small group of patients megaloblastic anemia 
has developed following total gastrectomy; 
observations on these cases are to be reported.’® 
No instance of nutritional vitamin By: deficiency 
has been encountered. Numerous cases of sprue 
have been studied and megaloblastic anemia 
has been present in most of these. However, 
folic acid deficiency has seemed to be the cause 
of the anemia in these cases. Only one case of 
sprue has been encountered in which the 
development of subacute combined degenera- 
tion provided clear evidence of vitamin Bie 
deficiency. Other megaloblastic anemias, oc- 
curring in pregnancy, in infancy and as a result 
of nutritional inadequacies, have likewise ap- 
peared to be attributable to folic acid deficiency 
and have responded well to the administration 
of that substance alone. 

Two patients with pernicious anemia-like 
disease associated with abnormalities of the 
small intestine have been treated with vitamin © 
Bie. Both of these patients had hydrochloric 
acid in the gastric secretion. In one case ex- 
tensive resection of the small intestine had 
preceded the occurrence of anemia and the 
patient was maintained in complete remission 
with liver extract and with vitamin Bis. The 
second patient, a fifty-six year old Negro, had 
megaloblastic anemia associated with moder- 
ately severe subacute combined degeneration. 
X-rays of the small intestine demonstrated 
multiple diverticula of the jejunum. This pa- 
tient was initially treated by the oral administra- 
tion of a single dose of 5,000 yg. of vitamin By». 
There was a striking clinical and hematologic 
response and the blood values returned virtually 
to normal. The patient was subsequently main- 
tained in remission by the parenteral injection 
of vitamin Bie. 

One patient with a bizarre disease is of 
special interest because his requirement for 
vitamin Bi: greatly exceeded the amount re- 
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quired for maintenance therapy of patients with 
pernicious anemia. This man had enormous en- 
largement of the liver and spleen, proved sub- 
sequently at autopsy to be attributable to mye- 
loid metaplasia. Free acid was repeatedly 
demonstrated in the gastric secretion. When 
untreated, severe macrocytic anemia developed, 
associated with leukopenia, thrombocytopenia 
and a megaloblastic marrow pattern indistin- 
guishable from that seen in pernicious anemia. 
After treatment with liver extract or vitamin 
Bi. the anemia entirely subsided, platelets re- 
turned to normal levels and the white count 
rose to about 30,000 per cu. mm. with many 
immature myeloid cells. At this time smears of 
aspirated marrow presented a pattern resem- 
bling that seen in chronic granulocytic leukemia. 
This phenomenon was demonstrated on five 
separate occasions over a period of six years. 
With the passing years the amount of vitamin 
Biz required to produce this effect progressively 
increased. Prior to his death from myocardial 
infarction the patient failed to respond to 45 yg. 
of vitamin Bi. per week but anemia was com- 
pletely controlled by 150 wg. per week. It is 
conceivable that the high requirement for 
vitamin By, in this patient was at least in part 
attributable to increased utilization of the 
vitamin by the disordered hematopoietic system. 


Effectiveness of a Vitamin By2 Analog 


One patient with pernicious anemia in relapse 
was treated with a thiocyanate analog of vitamin 
Bio. *:1617 This patient was given a single intra- 
muscular injection of 25 ug. of the compound. 
There was a prompt reticulocyte response and 
the hematocrit rose from 32 to 43 per cent in 
twenty-one days without further therapy. The 
patient was then maintained in complete re- 
mission by an injection of 45 yg. of this substance 
every six weeks for a period of ten months. At 
that time a supply of the analog was no longer 
available and the patient has subsequently been 
treated with vitamin By». 


COMMENT 


The parenteral administration of vitamin By» 
to patients with pernicious anemia in relapse 
produces a therapeutic response as rapid and 
complete as that which follows the injection of 

* The thiocyanate derivative ““MK-50” was supplied 


by Dr. R. A. Peterman of Merck and Co., Inc., Rahway, 
N. J. 


potent liver extracts. The amount of vitamin Bi» 
required to produce this effect is remarkably 
small. The blood values of some patients in 
severe relapse return to normal following the 
injection of as little as 25 yg. of vitamin By». in a 
single dose. Other patients require a larger 
amount. However, when as much as 100 ug. 
are given as the initial dose, the response is 
usually rapid and complete whether or not 
additional amounts are given during the re- 
covery period. The administration of a single 
dose of 25 wg. of vitamin By. to a patient in 
relapse seems to produce a more rapid and more 
complete response than has been described 
during the administration of the same amount 
at the rate of 1 wg. per day.'® After vitamin Bis 
has been given, the cerebral dysfunction, alimen- 
tary disturbances and state of well-being of 
patients with pernicious anemia usually show 
striking improvement before a significant change 
in the blood has occurred. The response of the 
neurologic abnormalities is less predictable. 
Some patients show rapid improvement after 
small amounts of the vitamin. However, in 
many patients neurologic improvement is very 
slow and may continue over a period of many 
months or occasionally several years. Some 
patients have permanent neurologic residua. 
It is difficult, therefore, to determine with 
certainty the smallest amount of vitamin Bie 
which is optimally effective for treatment of the 
nervous system disorder. The experience de- 
scribed here suggests that when vitamin Bie 
dosage is sufficient for maximally rapid blood 
regeneration, neurologic improvement also oc- 
curs at a maximum rate. The administration of 
relatively enormous amounts of vitamin By, 
many times the quantity required for optimal 
hematologic response, did not seem to accelerate 
neurologic improvement. Other investigators 
believe that massive dose therapy may be of 
merit.'® However, when 1,000 ug. of Bio are 
given intramuscularly in a single injection, 
virtually 100 per cent of the material appears 
in the urine within a few hours.'* It appears 
unlikely, therefore, that very much of the 
injected vitamin is utilized. Nevertheless, it is 
important to remember that when patients 
with pernicious anemia are inadequately treated 
the neurologic manifestations may become 
irreversible. Because of this and because one 
cannot be sure that small doses of vitamin B12 
are optimally effective, it is wise to treat patients 
with neurologic involvement with amounts 


AMERICAN JOURNAL OF MEDICINE 


| 
¢ 


Vitamin B,. Therapy in Pernicious Anemia—Conley et al. 291 


of the vitamin considerably above that required 
for satisfactory hematopoietic effect. 

At the time that vitamin By. became available 
a large group of patients with pernicious anemia 
was under maintenance therapy in the Hema- 
tology Clinic of the Johns Hopkins Hospital. 
Most of these patients were receiving 45 units of 
refined liver extract by intramuscular injection 
each six weeks. Many of these patients had been 
on this standard schedule for years and had 
received no other therapy. Except for those with 
irreversible neurologic changes, all of the pa- 
tients had been maintained in complete hema- 
tologic and clinical remission. Since a unit of 
liver extract was found to correspond in activity 
to about 1 ug. of vitamin By»2,! it was decided to 
treat these and other patients with injections of 
45 ug. of vitamin By, at six-week intervals. The 
data which have been provided indicate that 
this therapy has been effective in maintaining 
complete remissions in patients treated for as 
long as forty months. It seems probable that the 
administration of larger doses at longer inter- 
vals may be equally effective, for three patients 
who received 150 yg. at intervals of four or five 
months have also remained well. It is noteworthy 
that two of these patients had previously been 
satisfactorily maintained on doses of 150 units 
of liver extract given at the same time intervals, 
for periods of four and one-half and five years. 

A number of investigators have attempted 
unsuccessfully to treat pernicious anemia with 
orally administered vitamin By:.”°?! However, 
when sufficiently large amounts of the vitamin 
are given, responses may be obtained which are 
in every way similar to those produced by 
parenteral therapy.'‘?? The data presented 
suggest that about 100 times more Bi, is required 
for oral therapy than is required when given 
parenterally. A study is under way to determine, 
on a long term basis, adequate dosage schedules 
for oral maintenance therapy. Until such in- 
formation has been obtained oral treatment of 
pernicious anemia with By: should be looked 
upon as an experimental procedure. The diffi- 
culties of establishing that a maintenance 
schedule is adequate are emphasized by the 
fact that patients who discontinue therapy alto- 
gether may remain in remission for more than 
two years.?*:?4 Most oral preparations com- 
mercially available at the present time contain 
far too little By. to be satisfactory for mainte- 
nance treatment of patients with pernicious 
anemia. 
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The administration of folic acid to patients 
with pernicious anemia in relapse is followed 
by a hematopoietic response. Because of the 
close interrelationships between vitamin By» 
and folic acid it appears that an excess of one of 
these vitamins may decrease the requirement 
for the other, at least for certain physiologic 
activities.”> Some investigators have considered 
the possibility that folic acid deficiency as well 
as vitamin By, deficiency may exist in patients 
with pernicious anemia.'!! The present study 
provides no support for that view. None of the 
patients in this series was given folic acid and in 
no case was there evidence of a need for supple- 
mental supplies of this vitamin. On the other 
hand, the wilful or inadvertent administration 
of folic acid to patients with pernicious anemia 
has sometimes permitted development of severe 
subacute combined degeneration before ade- 
quate treatment with vitamin By. was provided. 
In a number of instances the folic acid ingested 
in multivitamin preparations has allowed pa- 
tients to develop a sometimes confusing picture 
of subacute combined degeneration in the ab- 
sence of anemia.'* Folic acid has no place in the 
treatment of uncomplicated pernicious anemia. 
Although it is harmless when administered to 
patients adequately treated with Byo,”® its use 
is unnecessary in patients receiving a normal 
diet. 

It has been suggested that vitamin B12 therapy 
alone is not adequate for complete maintenance 
therapy of patients with pernicious anemia. 
The development of macrocytosis of the red 
cells has been reported to occur in patients 
treated only with vitamin By2,!?:?".?8 This ab- 
normality was not corrected by the administra- 
tion of large amounts of vitamin Bi: or of folic 
acid and was thought to be related to deficiency 
of another, as yet unidentified, dietary factor. 
The diet of at least some of these patients was 
deficient in beef protein.?8 Owren" has reported 
that patients with pernicious anemia treated 
with vitamin By, or with refined liver extract 
have hypoprothrombinemia which can be over- 
come only by the administration of crude liver 
extract. The prothrombin deficiency and macro- 
cytosis are thought to be attributable to lack 
of the same substance.” Examination of the 
blood smears of the patients in the present study 
showed that the degree of anisocytosis was 
more marked in most cases than is seen in 
normal blood. However, macrocytosis was not 
as pronounced as that described by other 
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authors.'*:?7.?8 In only rare instances were the 
red cells strikingly abnormal and in these 
Howell-Jolly bodies and stippled cells were 
present as well as macrocytes. Prothrombin 
times, determined on the blood of fifty-six 
patients treated with vitamin By. alone, were 
normal in every instance. Many of these patients 
had had no therapy other than vitamin By. or 
refined liver extract for many years. These data 
are not in accord with the observations of 
Owren. Possibly the discrepancy in results is 
attributable to differences of diet in the two 
groups of patients. 

Present evidence suggests that the only sub- 
stance in liver extract required for the treatment 
of pernicious anemia is vitamin By. There are 
several reasons why vitamin Bj: is preferable to 
refined liver extract for therapy of this disease. 
It is a pure crystalline substance and is available 
in much more concentrated form than in liver 
extract. Therefore, smaller volumes of solution 
are required and there is considerably less dis- 
comfort at the site of injection. Hypersensitivity 
reactions are not uncommon after the injection 
of liver extract but do not occur following ad- 
ministration of crystalline Bi2. Furthermore, the 
cost of vitamin Bj». is now much less than that of 
liver extract. 


SUMMARY 


A large group of patients with pernicious 
anemia has been treated with vitamin Bi. for 
periods as long as forty months. Parenterally 
administered Bi. was as effective as refined 
liver extract in producing and maintaining 
clinical and hematologic remission. No evi- 
dence was found that patients with uncom- 
plicated pernicious anemia need any therapy 
other than vitamin By. Orally administered 
vitamin Bj. was effective in the treatment of 
pernicious anemia provided that the oral dose 
was about 100 times the amount which was 
adequate when given parenterally. Until the 
adequacy of oral dosage schedules has been 
demonstrated patients with pernicious anemia 
should receive parenteral therapy. An intra- 
muscular injection of 45 ug. of vitamin By, given 
every six weeks appeared to be adequate for 
satisfactory maintenance therapy and protected 
against hematologic and neurologic relapse. 
Vitamin By. seems preferable to liver extract 
in the treatment of pernicious anemia because 
it causes less discomfort at the site of injection, 


does not give rise to untoward reactions and is 
less expensive than liver extract. 
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Thrombotic Thrombocytopenic Purpura’ 


Review of the Literature and Report of Three Cases 


JeREMIAH A. BARONDESS, M.D. 
Philadelphia, Pennsylvania 


HROMBOTIC thrombocytopenic purpura!® 
(thrombocytic acroangiothrombosis,4 gen- 
eralized platelet thrombosis,”° diffuse 
platelet thrombosis with thrombocytopenia 
and hemolytic anemia,!® generalized capil- 
lary and arteriolar platelet thrombosis®) is a 
clinical entity concerning which a relatively 
small but steadily expanding literature exists. 
Although the basic mechanisms leading to the 
peculiar lesions and clinical manifestations of 
this syndrome have yet to be elucidated, the 
clinical. picture is becoming increasingly well 
defined. Relatively few cases, however, have 
been recognized antemortem; hence hema- 
tologic and metabolic studies are incomplete 
and rational therapy based on such data is 
necessarily lacking. It is the purpose of this 
paper to review the available literature and to 
add three cases to those already reported. In 
one of these the diagnosis was correctly made 
antemortem, various chemical and hematologic 
studies were carried out and both splenectomy 
and adrenocorticotropic hormone were em- 
ployed therapeutically. 


REVIEW OF THE LITERATURE 


The first description of a case presenting the 
pathologic and some of the clinical character- 
istics of this disease was that of Moschcowitz,! 
who in 1925 reported ‘“‘An Acute Febrile Pleio- 
chromic Anemia with Hyaline Thrombosis of 
the Terminal Arterioles and Capillaries.”’ His 
patient was a sixteen year old girl who entered 
the hospital with an illness of ten days’ duration, 
characterized by weakness of the arms with pain 
on moving the wrists and elbows, pallor, moder- 
ate fever, a café-au-lait tint to the skin and a 
few scattered petechiae. Liver and spleen were 
not felt. There was marked anemia and the 


erythrocytes showed central pallor; moderate 
leukocytosis was noted. No immature red cells 
were noted in the peripheral blood and no 
platelet counts were done. The feces and gastric 
juice were guaiac-positive. The patient lived 
one week after admission to the hospital; her 
course was characterized by fever, the appear- 
ance of hemiparesis and a positive Kernig sign, 
pulmonary edema, coma and death. Autopsy 
revealed numerous thrombi in the terminal 
arterioles and capillaries, especially in the heart. 
These showed varying degrees of organization 
from the adjacent endothelium associated with 
a concentric perivascular fibroblastic process. 
Many lesions were noted also in the kidneys and 
a few in the liver and spleen. Stains for bacteria, 
spirochetes and acid-fast organisms were non- 
productive Moschcowitz believed that the 
thrombi were probably composed of agglutinated 
or rapidly destroyed erythrocytes and he con- 
cluded that death was due to “‘some powerful 
poison”’ with ‘“‘both agglutinative and hemolytic 
properties.” 

The condition was not mentioned again in 
the literature until 1936 when Baehr, Klemperer 
and Schifrin? reported four cases, all in females, 
with the clinical picture of acute purpura hemor- 
rhagica associated with widespread thrombotic 
lesions of capillaries and arterioles. Their pa- 
tients ranged in age from nine and a half to 
forty-eight years and the duration of the disease 
from nine days to seven weeks. It was fatal in all 
cases. Prodromata of listlessness and pallor were 
noted in two cases; one patient had had mild 
arthritis for a year before onset and an upper 
respiratory infection for one week. Another gave 
a history of transient urticaria one month before 
onset. Weakness, headache, pallor and purpura 
marked the sudden onset of the disease. All four 
patients had fever at some time during their 


*From the Department of Medicine, The Johns Hopkins University and The Johns Hopkins Hospital, 
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course. Clinical icterus was noted in three cases 
and two patients had café-au-lait or brownish 
pallor of the skin. The spleen was palpable in 
one case. The ocular fundi revealed hemor- 
rhages and grayish exudates in all four cases; 
all four patients had hematuria which was ob- 
vious grossly in one. Terminally, evidences of 
central nervous system dysfunction appeared in 
the form of irrationality, delirium, stupor, hemi- 
plegia and clonic movements. Splenectomy was 
performed terminally in one patient but it did 
not alter the course of the disease noticeably. 

Hematologic findings included thrombocyto- 
penia and rapidly progressive anemia respond- 
ing poorly to transfusions; color index of the red 
cells was about 1.0. The white blood cells were 
normal or moderately increased, with a myeloid 
series shift to the left terminally in three cases. 
Reticulocytosis and the presence of normoblasts 
in the peripheral blood were also found. 

Pathologically, the bone marrow was normal 
or slightly hyperplastic; megakaryocytes showed 
no abnormalities. Splenomegaly was noted at 
autopsy in one case and in another case there 
were a few coarse, friable verrucae on the mitral 
valve which microscopically appeared to be 
platelet thrombi with some subjacent endo- 
thelial and fibroblastic proliferation; no change 
in the valve substance itself was noted. 

The vascular lesions were found in virtually 
all the organs, the lungs being relatively spared. 
They were most common in the kidney cortex, 
adrenal cortex, myocardium and pancreas, and 
were found in the capillaries and precapillary 
arterioles. They consisted of granular thrombi 
with varying degrees of swelling, proliferation 
and organization by adjacent endothelium. 
There was no surrounding inflammation and 
relatively little focal necrosis except in the 
myocardium. The thrombi were found to stain 
pink with hematoxylin and eosin: stains for 
amyloid, iron and hemoglobin were negative. 
Weigert fibrin stains showed little fibrin in the 
thrombi. Giemsa stain was used to show the 
morphology of the agglutinated platelets. 

These authors believed that the anemia was 
due to loss of erythrocytes into the tissues through 
damaged capillaries and that the destruction of 
these red cells was responsible for the icterus. 
They thought that the endothelial changes were 
probably secondary to the thrombosis and that 
the various stages of thrombus organization 
suggested that the lesions occurred in crops. 
They believed that the supply of platelets was 
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quite adequate in these cases since the mega- 
karyocytes in the marrow appeared normal, and 
that the number of platelets found in the in- 
volved vessels was large enough to have ex- 
hausted the supply and thus produced thrombo- 
cytopenia. It is of interest that the brother of 
one of these patients died of purpura hemor- 
rhagica with no vascular lesions; his marrow 
and spleen were normal. 

This report constitutes one of the basic 
descriptions of the clinical and pathologic 
features of this disease, and the concepts of the 
pathogenesis of the thrombocytopenia, in terms 
of adequate supply from the marrow but exces- 
sive “‘utilization’” in the peculiar granular 
thrombi, contained therein have been widely 
accepted by later authors. 

Friedberg and Gross*~**4 described the oc- 
currence of non-bacterial vegetations on the 
heart valves appearing in a variety of conditions. 
They reported three cases in which such lesions 
were associated with an illness characterized by 
fever and acute thrombocytopenic purpura; 
case 1 of their report had been previously re- 
ported by Baehr, Klemperer and Schifrin,” and 
showed diffuse capillary and arteriolar platelet 
thrombi at autopsy in addition to non-bacterial 
vegetations on the mitral valve composed largely 
of platelets and fibrin. These authors believed 
that there was some evidence of old, healed 
rheumatic disease of the valve. The other two 
patients in their report did not show the 
characteristic lesions of thrombotic thrombo- 
cytopenic purpura at autopsy and probably 
represented instances of some other entity, 
possibly disseminated lupus erythematosus. 

In 1939 Gitlow and Goldmark® reported a 
case previously described by Baehr et al.” and 
compared it with a case thought to be one of 
disseminated lupus erythematosus which showed 
numerous “‘hyaline masses” and ‘‘a suggestion 
of the so-called wire-loop appearance”’ in the 
glomeruli. The small vessels of the other viscera 
showed no thrombotic lesions but the authors 
believed that the similarity of the vascular 
lesions might indicate a relationship between 
the two conditions. Later authors have not 
believed that disseminated lupus and thrombotic 
thrombocytopenic purpura are related, with 
one exception?’ to be noted later. 

Altschule’s case,’ reported in 1942, occurred 
in a fifty year old woman and was characterized 
by fever, thrombocytopenic purpura, icterus and 
a fatal outcome. Marrow examination was 
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described as normal. The author believed that 
in view of the differences in the clinical mani- 
festations of the two diseases and in view of the 
types of vascular lesions found in them, attempts 
to relate this syndrome to disseminated lupus 
erythematosus were not valid. He suggested 
that some damage to the vascular endothelium 
resulted in platelet deposition; this was the first 
suggestion that a vascular lesion was primary 
to the thrombosis in the involved vessels. 

The seventh case to appear in the literature 
was that of Bernheim;* this was a thirty-three 
year old female whose brother had died of peri- 
arteritis nodosa. Her illness began shortly after 
the appearance of dermatitis at the site of 
application of adhesive tape and ran a fatal 
course in a little more than two weeks. The 
bone marrow in this patient was slightly hyper- 
plastic but the differential count was normal. 
The author pointed out that no endothelial 
changes were found in vessels which did not 
contain thrombi and concluded that endothelial 
swelling and proliferation, when found, were 
secondary to the presence of the platelet 
thrombus. It is of interest that postmortem 
studies on the blood of this patient revealed no 
agglutinins for platelets of the same blood group. 
Also of interest was the finding for the first time 
of numerous platelet thrombi in the cerebral 
cortex, with associated areas of ischemic necro- 
sis. The author noted, however, that necrosis 
was not an impressive finding in other organs. 
She thought this related to incomplete oc- 
clusion of involved vessels and to the lack of 
complete involvement of capillary beds; this 
idea has been supported by later authors. 

The first report of the appearance of the 
syndrome in a male was that of Trobaugh et 
al.!° whose patient was a twenty-four year old 
man in whom the disease ran its fatal course in 
fifteen days. From studies with various special 
staining technics the authors concluded that the 
thrombi were composed of platelets. They noted 
also that in involved areas almost all the capil- 
laries showed prominent endothelial cells with 
vesicular nuclei—even capillaries containing no 
thrombi. They indicated that such histologic 
changes might represent the earliest stages of 
the lesion and that platelet deposition at such 
sites might follow, as suggested by Altschule.’ 
Studies on the bone marrow in this case re- 
vealed normal numbers of megakaryocytes, 
most of which contained dark, pyknotic nuclei. 
These authors were the first to suggest that the 
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jaundice in these patients might be due to a 


hemolytic process. 

Brown and Norman!' in 1946 described a 
young white man who died after a five-year 
remitting and exacerbating illness characterized 
by arthritis, fever, abdominal pain, epilepsy, 
splenomegaly, generalized lymph node enlarge- 
ment, nephritis with hypertension and terminal 
azotemia, hyperglobulinemia, one episode of 
hemorrhagic skin lesions and one episode of 
mesenteric thrombosis. Early in his course he 
was not anemic and showed no icterus but the 
platelet count was 120,000 per cu. mm. During 
the second year of his illness, during an exacerba- 
tion, the hemoglobin was 9.7 gm. per cent but 
the peripheral blood was reported as otherwise 
normal. He was found to have mild diabetes at 
this time. During the final episode there was no 
anemia and the icteric index was said to be 5; 
platelet count was 75,000 per cu. mm. Reticulo- 
cyte count was 2.8 per cent. He had gross hema- 
turia at this time and was thought to have 
hemoglobinuria as well. 

At autopsy this patient showed widespread 
purpura. There was terminal acute bacterial 
endocarditis and some old scarring of the mitral 
valve. On microscopic examination there were 
widespread fresh and old ‘‘platelet thrombi’”’ in 
capillaries, arterioles and venules, as well as 
‘“‘vascularized granulation tissue’? in the small 
arteries and veins. The glomeruli showed various 
degrees of fibrosis. The inflammatory reaction 
in vessel walls was mild and inconstant. It 
should be noted that the surgical specimen ob- 
tained at the time of his mesenteric thrombosis 
during his terminal illness showed obliteration 
of the lumens of many arteries and veins with 
recanalized granulation tissue and there was 
mild lymphocytic perivascular infiltration. The 
central nervous system was not examined at 
autopsy. 

This case presented a clinical course which 
was at wide variance with that of other reported 
cases of thrombotic thrombocytopenic purpura. 
The prolonged course, the prominent joint 
symptoms, the generalized lymph node en- 
largement, the absence of clear evidence of 
hemolytic anemia and the late appearance of 
thrombocytopenia were atypical features. The 
lesions in larger vessels, with revascularized 
thromboses of this type, have not been seen in 
other cases. The course fits well with that of 
disseminated lupus erythematosus although the 
authors specifically state that the lesions did not 
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resemble those of this disease nor those of peri- 
arteritis nodosa. Nevertheless, it would seem 
possible that this patient suffered from some 
other vascular disease, perhaps complicated 
late in its course by thrombotic thrombocyto- 
penic purpura. Possibly some form of diffuse 
vasculitis existed for several years, on the basis 
of some type of hypersensitive state, with the 
lesions of thrombotic thrombocytopenic purpura 
appearing late as another expression of hyper- 
sensitivity. Further, the terminal bacterial endo- 
carditis confuses the clinical and pathologic 
picture since this disease can produce thrombo- 
cytopenic purpura, anemia and embolic lesions 
which closely resemble so-called ‘‘platelet 
thrombi.’’”* 

Carter’? in 1947 added to the literature 
another case in a male, a sixty-six year old 
Negro, who died in twelve days of a febrile ill- 
ness characterized by bizarre neurologic signs 
of varying intensity in the absence of purpura 
or clinical icterus. He was, however, anemic 
with normoblasts in the peripheral blood and 
had reticulocytosis of 8.5 per cent. Platelets were 
reduced on smear. The patient showed wide- 
spread typical lesions of thrombotic thrombo- 
cytopenic purpura at autopsy, including numer- 
ous scattered ones in the brain. The marrow 
revealed abundant megakaryocytes although 
cytoplasmic details could not be studied due to 
autolytic changes. Occasional non-thrombosed 
vessels showed slight endothelial swelling and 
proliferation. Special staining technics led the 
author to the conclusion that the thrombi were 
‘probably of platelet origin.” Some of the 
lesions showed marked fibrinoid degeneration 
of the arteriolar wall, sometimes with actual 
necrosis and extrusion of the thrombotic 
material, suggesting that vascular damage is a 
prominent feature of the syndrome. 

Singer, Bornstein and Wile’* added another 
case to the literature in 1947 and this patient, 
an eleven year old white girl, showed, in addi- 
tion to the classical course and pathologic 
findings of the disease, two gross subdural hema- 
tomas. (Massive intracranial bleeding is un- 
common in this condition.) Bone marrow study 
in this patient revealed increased numbers of 
megakaryocytes which were normal in appear- 
ance. These authors introduced the term 
‘thrombotic thrombocytopenic purpura” and 
provided an excellent review of the clinical and 
hematologic features of the disease; they em- 
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phasized again that the anemia which charac- 
teristically occurs is a hemolytic one. 

The three cases of Fitzgerald et al.4 pre- 
sented several interesting features: The first, a 
thirty-four year old man, had severe epigastric 
pain as a prominent symptom, a relatively com- 
mon finding. Their second patient, a twenty- 
seven year old colored woman, had a history 
of sulfonamide sensitivity manifested by a rash; 
she also had had recurrent urticaria and an 
illness diagnosed as acute rheumatic fever. Her 
terminal illness was ushered in by a bout of 
urticaria, and on admission she had a macular 
rash. During her course electrocardiograms 
showed prolongation of the P-R interval. At 
autopsy marked thrombotic and _ purpuric 
lesions were noted throughout the heart muscle, 
with rare foci of necrosis. Megakaryocytes were 
normal or somewhat increased in the bone 
marrow. The third case was a twenty-four year 
old white man who had a history of rheumatic 
fever and had been given a sulfonamide just 
prior to admission; this was followed by the 
appearance of a macular rash, epistaxis and red 
urine. At autopsy diffuse platelet thrombosis 
was found with necrosis of vessel walls adjacent 
to some thrombi, with occasional extruded 
thrombus material. These authors first sug- 
gested the name ‘“thrombocytic acroangio- 
thrombosis”’ for the syndrome. 

The case of Engel et al.,1° a young colored 
girl with demonstrated hypersensitivity to 
sulfonamides, ran a course lasting about three 
months, including a partial remission of about 
one month’s duration, a feature which has not 
been seen in other cases. Another feature of 
interest was the prominent cardiac involvement, 
both clinically and pathologically, the latter 
including the non-bacterial thrombotic endo- 
carditis described by Friedberg and Gross.”* In 
addition to the usual vascular changes of the 
disease there was some thickening of the base- 
ment membranes of the glomeruli. This patient 
was subjected to splenectomy without alteration 
of her steadily downhill course. It is to be noted 
that her general clinical condition had already 
deteriorated markedly by the time operation 
was undertaken. . 

Muirhead et al.!® presented the case of a 
fourteen year old white girl who died after a 
three-week illness characterized by fever, shift- 
ing neurologic signs, purpura and hemolytic 
anemia. Platelet counts on the peripheral blood 
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of this patient varied widely, the extremes being 
87,555 per cu. mm. and 229,600 per cu. mm. 
Spherocytosis was noted in the peripheral blood 
in addition to the usual reticulocytosis and 
normoblastosis. Red blood cell fragility in saline 
solutions was increased. Splenectomy was per- 
formed at a time when the patient was in a 
terminal state and she died four hours after the 
operation. Of great interest was the finding in 
this patient of proliferative glomerulitis, usually 
not associated with the presence of platelet 
thrombi in the glomerular capillaries. Endo- 
thelial proliferation in the absence of local 
thrombosis was also found, chiefly in the lungs. 
The authors believed that some form of antigen- 
antibody response might explain the pathogene- 
sis of the disease. They believed also that as far 
as the local lesions were concerned, the evidence 
for and against primary vascular injury was 
not conclusive. 

The neuropathologic aspects of the condition 
were reviewed by Adams, Cammermeyer and 
Fitzgerald,!” who described in detail the changes 
in four previously reported cases. Clinically, the 
chief findings relating to the nervous system in 
a review of all the cases available in the litera- 
ture at that time included alteration in the 
state of consciousness, such as irrationality, con- 
fusion, delirium, stupor or coma; also, partial 
motor paralyses, generalized (but not unilateral 
or focal) convulsions, agnosia, apraxia and 
aphasia, nuchal rigidity, flaccid paraplegia, 
hypoactive or absent deep tendon jerks, hemi- 
anesthesia and other disturbances in sensation, 
with or without motor involvement. The cerebro- 
spinal fluid was described as usually normal. 

The chief pathologic findings include the 
following: endothelial and “‘probably adventi- 
tial’? hyperplasia in arterioles, capillaries and 
venules; platelet thrombi in many of these 
vessels, especially in cerebral cortex, basal 
ganglia and brain stem nuclei; foci of nerve cell 
damage and glial proliferation, as well as 
scattered petechial hemorrhages. Differential 
stains led to the conclusion that the thrombi 
were composed of agglutinated platelets. The 
authors were unable to decide whether the 
thrombosis or the endothelial proliferation was 
the initial change in the involved vessel. 

Ehrich and Seifter!* reported a case in a young 
colored woman who had been taking an iodine- 
containing medication. An interesting clinical 
feature was the appearance of 3 plus glycosuria, 
correlated at autopsy with extensive necrosis of 


the islets of Langerhans, in addition to the usual 
changes of thrombotic thrombocytopenic pur- 
pura. The authors believed that this case was 
due to an antigen-antibody reaction caused by 
the iodine. While this is a difficult point to prove, 
it is of interest, as the authors point out, in view 
of the previously reported association of iodine 
with periarteritis nodosa”> and with a serum 
sickness—like picture. ”® 

Green and Rosenthal”® added two cases to the 
literature in 1949 and reviewed the case previ- 
ously reported by Bernheim.® Patient 1 of their 
series had had a smallpox vaccination three 
weeks prior to admission and rapidly entered 
into a fulminant picture of thrombotic thrombo- 
cytopenic purpura. This patient’s marrow 
showed a normal number of megakaryocytes 
with normal platelet formation. An interesting 
feature was the presence of electroencephalo- 
graphic changes suggesting a neoplasm in the 
left frontoparietal and temporal regions, associ- 
ated clinically with aphasia and with weakness 
and increased reflexes in the right arm; the 
brain showed marked changes, with capillary 
thrombi, some gliosis and paucity of cortical 
cells. No particular concentration of lesions or 
large gross hemorrhages were noted in the left 
hemisphere. This patient’s cerebrospinal fluid 
was under normal pressure, was slightly xantho- 
chromic, showed a 4 plus Pandy reaction, pro- 
tein content of 54 mg. per cent and 2 red blood 
cells per cu. mm. 

Case 3 of this series, a thirty-three year old 
white woman, showed prominent central nerv- 
ous system manifestations and also mild ab- 
normalities of the cerebrospinal fluid, with a 
1 plus Pandy reaction and a protein content of 
61 mg. per cent. This patient also showed mild 
spherocytosis and some increase in red blood 
cell fragility in hypotonic saline solution. She 
was subjected to splenectomy but the course of 
the disease was unaltered and she died five days 
after operation. In addition to the usual changes 
of thrombotic thrombocytopenic purpura, she 
showed at autopsy foci of “‘acute pericarditis 
and myocarditis’ as well as kidney changes 
consisting of occasional obliteration of capsular 
spaces and fusion of tufts. 

Careful studies on the nature of the hemolytic 
syndrome in this disease were conducted by 
Singer, Motulsky and Shanberge?! in a patient 
in whom the correct diagnosis was made ante- 
mortem. This patient was unsuccessfully treated 
with aureomycin, 2 gm. per day. In addition to 
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the presence of widespread capillary and 
arteriolar thrombi at autopsy there were oc- 
casional subintimal collections of an amorphous, 
eosinophilic material, accompanied by endo- 
thelial proliferation, with or without a super- 
imposed thrombus. 

The anemia in this patient was normocytic; 
there was reticulocytosis of 10 to 25 per cent 
throughout the course, and platelets gradually 
fell from about 33,000 per cu. mm. to almost 0. 
It is of interest that the patient’s red blood cell 
count could not be raised by transfusion, sug- 
gesting that the hemolytic mechanism destroyed 
the transfused normal cells as well as the patient’s 
own red blood cells. The white blood cell count 
varied from 5,600 to 12,000, with a shift to the 
left in the myeloid series; blast cells appeared in 
the peripheral blood terminally. The proportion 
of nucleated red blood cells in the peripheral 
blood also increased during the course of the 
disease. Spherocytes appeared late and varied 
in number from day to day. 

Red blood cell fragility studies were carried 
out in a number of media. In hypotonic saline 
solution there was great day-to-day variation, 
and on some occasions definite increase in 
fragility was found; the authors believed that 
these fluctuations were probably related to the 
irregular appearance of spherocytes in the 
peripheral blood. Red blood cell fragility in ly- 
solecithin, usually increased in familial hemo- 
lytic jaundice but not in acquired hemolytic 
anemias, was normal in this patient. Heat (acid) 
red blood cell fragility, usually increased in par- 
oxysmal nocturnal hemoglobinuria, was nor- 
mal. Mechanical fragility, which has been 
reported as increased in various hemolytic ane- 
mias, was about twice normal in this case. The 
Coombs test was negative on three occasions, 
suggesting that globulin antibodies were not in- 
volved in the hemolytic mechanism. 

Urinary urobilinogen excretion was never 
markedly increased, and fecal urobilinogen 
excretion was 118 mg. per day; it was suggested 
that the concurrent aureomycin therapy might 
account for the absence of higher values. 

The patient’s bone marrow showed erythroid 
hyperplasia. Fifty-seven per cent of 150 mega- 
karyocytes examined showed platelet produc- 
tion (normal 50 to 86 per cent). 

The ultimate pathogenesis of these changes 
remains thus far unexplained, and the question 
of whether vessel wall change or thrombosis is 
primary in the vascular lesion of the disease is 
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also unsettled. Several authors, as noted hereto- 
fore, have pointed out endothelial and sub- 
endothelial changes in vessels showing no 
thrombosis in the plane of the particular sec- 
tion. Gore” has yecently re-emphasized the idea 
of a primary vascular lesion, subendothelial in 
location, with secondary accumulation of plate- 
lets on a tiny overlying endothelial defect. He 
added to the literature five cases from the 
Armed Forces Institute of Pathology; one had 
complicating sicklemia, one had extensive tuber- 
culosis and one had subacute glomerulonephri- 
tis, in addition to the lesions of thrombotic 
thrombocytopenic purpura. Two cases were 
said to show no decrease in platelets in the 
peripheral blood. Gore believed that some sort 
of hypersensitivity reaction might be involved 
in the genesis of the disease. Beigelman?’ has 
concurred in this view, reporting two cases in 
which, in addition to the lesions of thrombotic 
thrombocytopenic purpura, features thought to 
suggest disseminated lupus erythematosus were 
found. The first case presented periarteriolar 
concentric fibrosis in the spleen and _ focal 
hyaline necroses in the glomerular capillaries; 
the second case showed more advanced glo- 
merular lesions as well as verrucous endocarditis 
of the aortic valve. Both patients had had clinical 
courses which can be considered prolonged and 
atypical for thrombotic thrombocytopenic pur- 
pura alone. 

Meacham and his co-workers?’ concluded 
from studying two cases that vascular damage 
was the primary lesion in the “thrombosed”’ 
vessels and in that sense thought that thrombotic 
thrombocytopenic purpura was “‘similar to the 
so-called collagen diseases.’’ They pointed out 
the presence of numerous tiny aneurysms in the 
involved vessels and emphasized the fact that 
there has been no direct proof that the so-called 
thromboses are actually composed of platelets. 
Indeed, they believed, on histologic grounds, 
that there was strong evidence that “‘much, if 
not all, of the material in question represents an 
intramural degeneration rather than an intra- 
luminal coagulum.” In addition one of their 
cases showed no platelet formation from mega- 
karyocytes in the marrow, suggesting to the 
authors that the thrombocytopenia in this 
disease may not be due simply to massive 
deposition of platelets in small vessels. Case 2 of 
Meacham’s series was of special interest in that 
the patient had had the disease for at least three 
years; a two and a half year clinical and hema- 
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tologic remission followed splenectomy and 
during her terminal illness adrenocorticotropic 
hormone seemed to induce an incomplete re- 
mission although the dose used was small 
(20 mg. per day). 


CASE REPORTS 


Case 1. (L. V., HPPC No. 6647, autopsy 
No. 12907.) This was the first Johns Hopkins 
Hospital admission of this fifty-six year old white 
male fruit inspector who was admitted to the 
Henry Phipps Psychiatric Clinic on December 9 
and died on December 13, 1932. The patient’s 
past general health had been good except for 
several bouts of renal colic over the twenty years 
prior to admission. He gave no history of acute 
rheumatic fever, arthritis, skin lesions or 
bleeding tendency. 

Six weeks prior to admission he cut his hand 
with a rusty knife. He was treated by his local 
physician and was given tetanus antitoxin at that 
time. The cut healed uneventfully. Four weeks 
before admission he began to complain of 
recurrent headaches for which he took aspirin. 
Three weeks before entering the hospital he 
noted vague abdominal discomfort progressing 
to severe epigastric pain requiring morphine 
for relief. There was also eructation, progressive 
distention, general ‘“‘nervousness” and profuse 
sweating. He was noted to cry periodically upon 
the least provocation. At this time his wife noted 
yellowish discoloration of his skin. One and a 
half weeks before entry there was progressive 
pallor and weakness, with increasing nervous- 
ness and melancholy. Five days before admis- 
sion he had a small epistaxis and a few small 
hemoptyses. He complained of difficulty with 
his vision, and numbness and tingling of the left 
hand and left side of the face; his wife noted 
transient drawing of his mouth to the left. In 
the next few days recurrent headaches and 
progressive loss of interest in his surroundings 
followed. He frequently mumbled and was 
difficult to rouse. On the day of admission there 
was progressive delirium, and he was brought 
to the hospital. 

Physical examination at the time of admission 
revealed a temperature of 103°F. rectally, pulse 
120, respirations 20 and blood pressure 120/70. 
The patient was a comatose, very pale, well 
nourished and well developed adult white man 
who was difficult to rouse and exhibited purpose- 
less movements of the extremities. The tourni- 


quet test was found to be positive when the 
blood pressure was taken. There were numerous 
bright red petechiae in the anterior axillary 
folds and on the upper extremities. He was 
slightly cyanotic. There were several small, 
flame-shaped hemorrhages in the ocular fundi, 
and the media were clouded. The heart was not 
enlarged, rhythm was regular, sounds were of 
poor quality and there was a late systolic mur- 
mur heard over the base. The lungs were clear 
but for a few moist rales at the left base. The 
abdomen was flat, soft and non-tender. The 
liver edge was palpable one fingerbreadth below 
the right costal margin; no other abdominal 
organs or masses were felt. Neurologic examina- 
tion revealed, in addition to his comatose state, 
slight left facial weakness shifting to the right 
later in the day. Both plantar responses were 
extensor in type but this finding shortly disap- 
peared and the deep tendon reflexes became 
generally hypoactive. He moved his left arm 
and leg slightly more than the right. 
Laboratory studies revealed the following: 
Serologic test for syphilis negative; red blood 
cells 2.69 million per cu. mm.; hemoglobin 
6.5 gm. per cent; hematocrit 21.8 per cent; 
mean corpuscular volume 81 cu. micra; mean 
corpuscular hemoglobin 24.2 wug.; mean cor- 
puscular hemoglobin concentration 29.8 per 
cent; white blood cells 23,300; differential count 
showed juveniles 4 per cent, polymorphonuclear 
neutrophils 79 per cent, lymphocytes 15 per cent 
and monocytes 2 per cent; smear showed marked 
anisocytosis and poikilocytosis as well as poly- 
chromatophilia. There were 4 normoblasts per 
100 white blood cells. Urine was clear and 
amber, with specific gravity 1.020, reaction 
neutral, 1 plus protein, no reducing substance, 
foam test for bile negative; sediment of a centri- 
fuged specimen contained 4 to 8 white blood cells 
and 4 to 8 red blood cells per high power field as 
well as numerous hyaline and coarsely granular 
casts. Blood culture was sterile. Serum non- 
protein nitrogen was 36 and 45 mg. per cent on 
two determinations; fasting blood sugar was 
120 mg. per cent. Lumbar puncture revealed an 
opening pressure of 140 mm. cerebrospinal 
fluid; fluid was crystal clear, Pandy reaction 
negative, Wassermann test negative, protein 
25 mg. per cent, gold curve 0—0. Red blood 
cell fragility test in hypotonic saline showed be- 
ginning hemolysis at 0.50% NaCl, complete in 
0.28 per cent NaCl. Van den Bergh reaction 
(indirect test) 2.0 units; direct test—‘‘direct de- 
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layed reaction.” Weil-Felix reaction was nega- 
tive as was the stool guaiac test. Clotting time 
was 7 minutes. 

The patient lived only four days after admis- 
sion, and during this time he ran a fluctuating 
fever between 99° and 104°r. rectally; there was 
corresponding tachycardia. He was treated with 
intravenous infusions of glucose and saline, two 
transfusions of whole blood and digifoline. He 
remained comatose, however, with intermittent 
Cheyne-Stokes respirations. His course was 
progressively and rapidly downhill and he died 
quietly on the fourth hospital day. On the day 
of death (after one transfusion) red blood cells 
were 2.27; hemoglobin 6.5 gm. per cent; hema- 
tocrit 21.7 per cent; red blood cell indices were 
normal; white blood cells 15,800; differential 
count showed juveniles 19 per cent, polymorpho- 
nuclear neutrophils 60 per cent, eosinophils 1 per 
cent, basophils 2 per cent, lymphocytes 14 per 
cent and monocytes 4 per cent. There were 
16 normoblasts and 4 myeloblasts per 100 white 
blood cells; reticulocyte count was 16 per cent; 
platelets were 70,000 per cu. mm. There was 
marked anisocytosis and poikilocytosis. 

Autopsy four hours after death (Dr. Kindell) 
revealed the following: The body was that of a 
well nourished, well developed white man. There 
was slight scleral icterus as well as a purpuric 
eruption on the arms and chest. The pericardium 
contained 200 cc. of orange-colored fluid. The 
heart weighed 460 gm.; there were numerous 
punctate hemorrhages scattered through the 
epicardium. The heart valves were normal. 
There were numerous punctate hemorrhages in 
the endocardium. The lungs revealed a patchy 
consolidation in both lower lobes and a 7 mm. 
caseous nodule in the right lower lobe. The 
peribronchial lymph nodes were slightly en- 
larged and moist. The spleen weighed 120 gm.; 
the vessels and trabeculae were slightly more 
prominent than usual. In one portion of the 
ascending colon were numerous punctate hemor- 
rhages and these were also found in the mucosa 
of the distal half of the stomach. The pancreas 
showed scattered, small, old fat necroses. The 
liver was slightly enlarged (1,820 gm.) and was 
not grossly abnormal. The adrenals were 
grossly normal. Each kidney weighed 170 gm. 
and showed widely scattered punctate hemor- 
rhages over the surface. The kidney capsules 
stripped easily. There was a 15 mm. hemorrhage 
under the lining of the pelvis on the right. There 
were petechial hemorrhages over one vocal cord 
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and in the mucosa of the trachea and larger 
bronchi. The peritracheal and cervical lymph 
nodes were moderately enlarged and moist. The 
bone marrow appeared slightly hyperplastic. 
Culture of the heart’s blood was sterile. The 
central nervous system was not examined. 

Microscopically, there were myriads of small 
hyaline and granular eosinophilic thrombi in 
small arterioles, venules and in capillaries in 
virtually every organ of the body. In some places 
the vessel wall adjacent to the attachment of the 
thrombus was defective, occasionally with loss 
of smooth muscle, but whether this was primary 
or secondary to thrombosis and organization of 
the thrombus could not be determined. Some 
of the thrombi were recovered by a new-formed 
layer of endothelial cells. Inflammatory reaction 
in vessel walls and local areas of infarction were 
inconspicuous, except for a few small patches of 
fresh necrosis in the myocardium. Lesions were 
most numerous in the heart, pancreas, stomach, 
adrenals, kidneys and lymph nodes. In addition 
the pancreas showed numerous tiny foci of old 
fat necrosis. The kidneys showed occasional 
hyalinized glomeruli and arterioles. Patches of 
necrosis of tubular epithelium were also seen. 
The spleen showed some increase in periarterial 
connective tissue but not enough to suggest 
lupus erythematosus strongly. No “‘wire loop’’ 
lesions were seen in the kidneys. Patchy central- 
lobular fat accumulations were seen in the liver. 
Occasional cortical necroses were present in the 
adrenals. 

Comment. It is of interest that this patient had 
received tetanus antitoxin some two weeks prior : 
to onset of his symptoms. He had a fulminating 
febrile illness characterized by thrombocytopenic 
purpura, marked anemia with immature red 
blood cells in the peripheral blood and icterus, 
and peculiar central nervous system manifesta- 
tions. At autopsy there were widespread lesions 
of thrombotic thrombocytopenic purpura. In 
addition there were old pancreatic fat necroses 
which may have been correlated with the severe 
epigastric pain which was a feature of his illness. 
A moderate-sized pericardial effusion was also 
found. 

Case u. (R. R., JHH No. 493875, autopsy 
No. 21697.) This was the first Medical Service 
admission of this twenty-one year old white 
male who was admitted from the Accident Room 
because of delirium on March 14 and died on 
March 17, 1949. The patient’s paternal grand- 
father and one sister were said to have had 
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heart trouble. At the age of seven years he was 
admitted to the Pediatric Service with acute 
rheumatic fever with no evidence of cardiac 
involvement. In 1938 at the age of ten he again 
had acute rheumatic fever and a year later 
apical systolic and mid-diastolic murmurs were 
heard. At the age of fourteen he was again 
seen and was thought to have acute myocarditis 
and endocarditis; an aortic diastolic murmur 
developed over a period of weeks. He had never 
had signs or symptoms of congestive heart failure. 
Two weeks prior to admission he noted the 
onset of weakness, drowsiness, anorexia and 
knife-like epigastric pain, with nausea and 
vomiting. The pain subsided after two days but 
the nausea and vomiting persisted up to the 
time of admission. One week before entry 
severe frontal headache appeared and three days 
later his family noted increasing pallor and dry 
cough. For two days before admission he had 
had alternate chilly and feverish sensations and 
on the day before admission became delirious. 
Physical examination at the time of admission 
revealed temperature 102.6°F. rectally, pulse 
120, respirations 36 (Cheyne-Stokes) and blood 
pressure 170/70. The patient was a very well 
developed and well nourished young white man 
who appeared acutely and desperately ill. He 
was semi-comatose, thrashing about in bed. 
The skin had a yellow tint and there were many 
scattered petechiae and ecchymoses over the 
body. There were several enlarged lymph nodes 
in all cervical chains, one in the left axilla, and 
several shotty nodes in both superficial inguinal 
chains. Bones and joints were normal. The eyes 
revealed conjunctival pallor and a patch of old 
chorioretinitis in the right fundus. Ears, nose 
and mouth were not remarkable but for pallor 
of the mucous membranes. The neck was sup- 
ple. The lungs were clear to percussion and 
auscultation. The heart was markedly enlarged 
to the left. The precordium was active and there 
was an apical systolic thrill. At the apex there 
was a very loud, harsh systolic murmur as well 
as a low-pitched, rumbling diastolic murmur; 
the first sound at the apex was loud and snap- 
ping. The second aortic sound was also markedly 
accentuated and in the aortic area there was a 
soft, blowing diastolic murmur. No gallop or 
friction rub was heard. The abdomen was flat 
and soft, with no palpable organs or masses. 
Genital and rectal examinations were normal. 
Neurologic examination revealed no evident 
motor or sensory loss; all the deep tendon jerks 


were very active but equal. Plantar responses 
were flexor bilaterally. 

Laboratory studies revealed the following: 
Serologic test for syphilis negative; Rh positive; 
red blood cells 2.6 million per cu. mm; hemo- 
globin 7.5 gm. per cent; hematocrit 23 per cent; 
icteric index 12; sedimentation rate (Wintrobe) 
15 mm./hr. corrected; mean corpuscular vol- 
ume 88 cu. micra; mean corpuscular hemoglobin 
28 wug.; mean corpuscular hemoglobin concen- 
tration 31 per cent; white blood cells 10,800; 
differential count showed myelocytes 2.5 per 
cent, juveniles 3 per cent, polymorphonuclear 
neutrophils 73 per cent; lymphocytes 20 per cent 
and monocytes 1.5 per cent; there was marked 
anisocytosis and poikilocytosis, and platelets 
were reduced on smear. Stool was guaiac-posi- 
tive. Urine was slightly cloudy and smoky in 
appearance; specific gravity was 1.008; pH 6; 
there was no reducing substance present; there 
was 2 plus protein. Centrifuged sediment con- 
tained 5 to 6 white blood cells, about 60 red 
blood cells and occasional granular casts per 
high power field. Nasopharyngeal and throat 
cultures grew normal flora; a petechial lesion 
was aspirated and cultured, with no growth. 
Six blood cultures and culture of the sternal 
marrow were all sterile. Cultures of urine and 
cerebrospinal fluid were likewise sterile. Blood 
agglutinin studies for Pasteurella tularensis, 
Proteus OX2 and Proteus OX19 were all nega- 
tive. Stool culture grew no pathogens. Blood 
non-protein nitrogen was 45 mg. per cent, fast- 
ing blood sugar 64 mg. per cent and total serum 
proteins 5.9 gm. per cent, with albumin 4.3 and 
globulin 1.6 gm. per cent. Total serum bilirubin 
was 2.5 mg. per cent. Lumbar puncture shortly 
after admission revealed an initial pressure of 
220 mm. CSF; fluid was crystal clear and color- 
less, and contained 30 white blood cells per cu. 
mm., mostly mononuclears. Pandy reaction was 
equivocal, protein content 40 mg. per cent, 
Wassermann reaction negative and mastic curve 
1100000000; sugar and chloride content were 
normal. Bleeding time on the day of admission 
was 13 minutes; clotting time (Lee-White) was 
814 minutes. 

On admission it was believed that the patient 
most likely had acute bacterial endocarditis. 
After the various cultures referred to were ob- 
tained, he was placed on penicillin, 2,400,000 
units per day intramuscularly, and was given 
500 cc. of whole blood. His condition deterio- 
rated rapidly; he continued to have Cheyne- 
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Stokes respirations and on the first hospital day 
he had two generalized convulsions. Coma 
progressively deepened. His temperature re- 
mained above 103°r. Repeat studies on the 
second hospital day revealed blood non-protein 
nitrogen to be 67 mg. per cent, serum calcium 
10.1 mg. and cholesterol 220 mg. per cent. Total 
serum bilirubin was 4.6 mg. per cent with 1.4 mg. 
per cent direct reacting. Blood studies at this 
time revealed a clotting time of 37 minutes 
(normal up to thirty minutes by this method); 
prothrombin time was 26 seconds (50 per cent 
of normal); clot retraction (silicone tubes), 
none; assay for circulating anticoagulant was 
negative. Reticulocyte count at this time was 
4.4 per cent; red blood cells 1.99 million per cu. 
mm.; hemoglobin 6.5 gm. per cent; hematocrit 
18 per cent; red blood cell indices were normal. 
White blood cells were 16,600; differential 
showed myeloblasts 1 per cent, undifferentiated 
myelocytes 2 per cent, juvenile neutrophils 
22 per cent, segmented neutrophils 59 per cent, 
lymphocytes 10 per cent and monocytes 6 per 
cent; there was 1 nucleated red blood cell per 
100 white blood cells; platelet count was 
40,000 per cu. mm; icteric index was 50. Sternal 
marrow aspiration on this day revealed a cellular 
marrow; megakaryocytes were numerous but 
showed no evidence of platelet formation; the 
proportion of nucleated red blood cells was high 
but otherwise the differential count was normal. 
There was marked polychromatophilia, moder- 
ate anisocytosis and poikilocytosis. Urine ex- 
amination on the second hospital day revealed 
urobilinogen to be present in 1:20 dilution; this 
was not a fresh urine specimen. Foam test for 
bile was negative. Electrocardiogram on this day 
showed sinus rhythm with a rate of 111 per 
minute; P waves and P-R interval were normal. 
There was a small Q; and the S-T segment in 
the third limb lead was slightly elevated. T, was 
low, and T2, T3 and Tys were inverted. The 
record was thought to suggest posterolateral 
myocardial infarction. 

Despite vigorous hydration and large doses of 
penicillin, the patient continued to deteriorate 
and late on the second hospital day aureomycin 
(90 mg. intramuscularly every six hours) was 
added to the regimen, without notable effect on 
his course. On the third hospital day it was 
noted that he did not move his right leg at all 
although the reflexes were described as normal. 
Respirations had improved somewhat and it was 
thought that his jaundice was less marked; 
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serum bilirubin was found to be less than 0.8 mg. 
per cent. Urine urobilinogen was positive 1:10. 
Transient right-sided twitching of the facial 
muscles was noted. Repeat lumbar puncture 
showed the cerebrospinal fluid to be under an 
opening pressure of 200 mm.; it was pink and 
opalescent, and contained 2,090 red blood cells 
per cu. mm. and 2 mononuclear cells per cu. 
mm. Protein content was 57 mg. per cent. 

On the fourth hospital day he showed deepen- 
ing cyanosis. Non-protein nitrogen had risen to 
115 mg. per cent, serum bilirubin was 2.2 mg. 
per cent, with 0.9 mg. per cent direct-reacting. 
Total serum proteins were 5.8 gm. per cent, 
with albumin 4.1 and globulin 1.7 gm. per cent. 
General downhill course continued with per- 
sistent fever and purpura and late on the fourth 
day he died suddenly, not having regained con- 
sciousness since admission to the hospital. 

At autopsy (Dr. Robert O’Donnell) there 
were numerous small petechiae scattered over 
the body. The pericardial sac contained 150 cc. 
of a clear yellow fluid. The left pleural cavity 
contained 500 cc. of bloody fluid. The heart 
weighed 700 gm. There were numerous small 
subepicardial and subendocardial hemorrhages. 
There was marked mitral stenosis and the 
mitral valve showed in addition extensive, fresh, 
granular verrucae. The aortic cusps were thick- 
ened and adherent; the edges were rolled and 
smooth and there was a small hyaline vegetation 
on the posterior cusp. The myocardium was 
mottled and posteriorly, near the apex, was an 
area that appeared recently infarcted. The lungs 
were somewhat heavy and the right middle lobe 
appeared red and slightly shrunken. The liver 
weighed 3,300 gm. and showed numerous gray- 
brown splotches on the surface and on section. 
The spleen weighed 375 gm. and showed 
numerous relatively fresh infarcts averaging 
4 mm. in diameter. The stomach, duodenum, 
intestines and pancreas were normal. The 
kidneys weighed 325 gm. each and were dark 
red, with “‘flea-bitten” surfaces. There were 
occasional tiny subcapsular infarcts on the cut 
surfaces. The capsules stripped easily. The 
brain showed softening over the left frontoparietal 
and right occipital regions. There were a few 
submucous hemorrhages in the larynx. The 
eyes showed papilledema. Heart’s blood was 
sterile. The pericardial fluid showed no organ- 
isms on smear but on culture grew out an un- 
identified gram-negative rod, thought to be a 
contaminant. Smears of the valvular vegetations 
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Fic. 1. Case nm. ‘Platelet thrombi’? in small renal 
vessels; X 150. 


showed no organisms; cultures grew Escherichia 
freundii, thought to be a contaminant or post- 
mortem invader. 

Microscopically, throughout the heart, lungs, 
lymph nodes, pancreas, liver, kidneys, spleen, 
brain and adrenals there were innumerable 
eosinophilic, hyaline or granular thrombi in 
arterioles, capillaries and venules, with little 
or no alteration of the adjacent vessel walls. 
(Fig. 1.) In the myocardium were numerous 
tiny necroses and fresh scars as well as a large 
recent infarct in the posterior wall of the left 
ventricle; the mitral valve showed interruption 
of the endothelial lining by a hyalinized mass 
of connective tissue which was prolonged in 
one section to adhere to a mass of hyalinized 
debris containing a moderate number of 
leukocytes, mostly polymorphonuclears. Bac- 
terial stains of the myocardium and vegetations 
showed no organisms. The sections did not show 
a large occluded coronary artery to account for 
the posterior myocardial infarction although 
such an occlusion must have been present; it 
seems likely that an embolus from the valvular 
vegetations produced the infarction. The liver 
showed considerable patchy central lobular 
necrosis with surrounding fatty and cloudy 
degeneration. The thrombi in the liver were 
found chiefly in the septal arteries and capil- 
laries. The spleen showed areas of necrosis and 
marked periarterial fibrosis indistinguishable 
from that seen in disseminated lupus erythema- 
tosus.** (Fig. 2.) Although lesions were seen in 
the kidneys that suggested so-called ‘‘wire loop”’ 
lesions, none of these were sufficiently striking 
to be regarded as definite. There were occasional 


Fic. 2. Case u. Splenic arterioles showing marked 
perivascular fibrosis; X 150. 


areas of tubular degeneration in the renal 
cortices. Careful search of the available sections 
revealed no other lesions strongly suggestive of 
disseminated lupus. The pancreas and lymph 
nodes showed a few small areas of necrosis. 
Numerous thrombi were seen in the cerebral 
cortex but there was almost no surrounding 
necrosis. Sections of spinal cord showed oc- 
casional thrombi in small pial vessels. 

Comment. This patient had a well docu- 
mented history of recurrent acute rheumatic 
fever and rheumatic heart disease. He presented 
a Clinical picture which was thought to repre- 
sent fulminating bacterial endocarditis but 
numerous blood cultures were sterile and the 
valvular vegetations showed no organisms on 
smear at autopsy. There were widespread lesions 
of thrombotic thrombocytopenic purpura at 
autopsy in addition to old rheumatic heart 
disease and lesions in the spleen which were 
quite characteristic of disseminated lupus erythe- 
matosus. An additional finding of interest was a 
large myocardial infarction, thought to be due 
to coronary embolization from the valvular 
vegetations. The patient presented nothing 
clinically to suggest that he had disseminated 
lupus, although thrombocytopenic purpura and 
hemolytic anemia are occasionally seen in that 
disease. 

ll. 


(F. S., JHH No. 247503, autopsy 
No. 22905.) This was the third Johns Hopkins 
Hospital and first Medical Service admission of 
this forty-two year old white housewife who 
was admitted on February 23, 1951, through 
the Accident Room because of numbness of the 
extremities of one month’s duration, and who 


AMERICAN JOURNAL OF MEDICINE 


304 Thrombotic Thrombocytopenic Purpura—Barondess 


Thrombotic Thrombocytopenic Purpura—Barondess 


died on March 8, 1951. Family history revealed 
that one sister had died of an unknown type of 
heart and kidney disease. There were no familial 
bleeding tendencies. Past history revealed good 
general health. For many years she had noted 
evening ankle edema but had never had dyspnea, 
orthopnea, paroxysmal nocturnal dyspnea or 
chest pain. She had had two prior admissions to 
this hospital for spontaneous deliveries; she had 
mild pre-eclamptic toxemia with both preg- 
nancies. About one month before the present 
admission she began to note sensations of 
numbness in the hands, feet and legs, associated 
with mild general fatigability. Her family began 
to note subtle changes in her personality which 
eventually advanced to become full-blown 
paranoid ideas. In the few days prior to admis- 
sion she had noticed the spontaneous appear- 
ance of small red spots and bruises over her 
body. She had been taking aromatic spiris of 
ammonia at home as well as an unknown type 
of “‘nerve pill.” 

Physical examination on admission revealed 
temperature 100.4°F. rectally, pulse 92, respira- 
tions 18 and blood pressure 112/80. The patient 
was an obese, withdrawn, quiet woman who 
appeared neither acutely nor chronically ill. 
There was no cough, dyspnea or cyanosis. 
There were scattered areas of vitiligo over the 
trunk, shoulders and in the axillas. There were 
scattered petechiae and ecchymoses over the 
arms and a few were also seen on the abdomen. 
The eyes revealed several superficial hemor- 
rhages and one Roth spot in the left fundus. 
There was a small crust of blood on the right 
side of the nasal septum. The gums were spongy, 
with one small bleeding point. The neck was 
supple. The lungs were clear to percussion and 
auscultation. The heart was normal. The ab- 
domen was obese, soft and non-tender. The 
liver was not palpable; the spleen descended two 
fingerbreadths below the left costal margin on 
inspiration and was firm and _ non-tender. 
Neurologic examination revealed that she was 
markedly withdrawn; some of her movements 
suggested catatonia. She was fairly well oriented; 
the right knee jerk was slightly more active than 
the left but other than this there were no 
lateralizing signs. Plantar responses were flexor 
bilaterally. 

Laboratory studies were as follows: Serologic 
test for syphilis negative; the red blood cell 
count, 3.55 million per cu. mm.; hemoglobin 
9.7 gm. per cent; hematocrit 30.7 per cent; 
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icteric index 11; sedimentation rate (Wintrobe) 
25 mm./hr. corrected; mean corpuscular volume 
87 cu. micra; mean corpuscular hemoglobin 
27 wug.; mean corpuscular hemoglobin concen- 
tration 32 per cent; white blood cells 3,400; 
differential count showed blast cells 2 per cent, 
myelocytes 9 per cent, juveniles 21 per cent, poly- 
morphonuclear neutrophils 33 per cent, eosino- 
phils 3 per cent, basophils 1 per cent, lympho- 
cytes 15 per cent and monocytes 16 per 
cent. Smear showed marked reduction of plate- 
lets, slight polychromatophilia and anisocytosis. 
There were occasional nucleated red blood cells. 
Blood non-protein nitrogen was 38 mg. per cent, 
fasting blood sugar was 104 mg. per cent, total 
serum bilirubin was 2.5 mg. per cent with 
1.0 mg. per cent direct-reacting. Lumbar punc- 
ture revealed an opening pressure of 140 mm. of 
cerebrospinal fluid, with normal dynamics; 
fluid was clear and colorless, and contained 2 
white blood cells per cu. mm.; the protein con- 
tent was 75 mg. per cent; Wassermann reaction 
was negative. Three examinations of the periph- 
eral blood for ‘‘L.E. cells” were negative. Urine 
and blood cultures were sterile. Total serum 
proteins were 7.3 gm. per cent, with albumin 
4.2 and globulin 3.1 gm. per cent; cephalin 
flocculation was 3 plus; thymol turbidity was 
6.5 units. Examination of the blood for bromides 
was negative. Serum amylase was 143 mg. per 
cent; prothrombin time was 24 seconds (ap- 
proximately 50 per cent of normal). Platelet 
count early in her course was 58,000; reticulo- 
cyte count was 14.8 per cent. The patient’s blood 
group was OMN Rhl Hr’ negative. Serum 
showed no Rhl, Hr or auto-antibodies in 
albumin, serum and saline media at room tem- 
perature and at 37 degrees. Cold antibody was 
present in all three media at 4°c. but was not 
titered. Red blood cells were negative for ad- 
sorbed antibodies with serum, albumin and 
albumin-serum media at room temperature and 
at 37°c. Direct Coombs test at room tempera- 
ture was negative. It was concluded that there 
was no evidence of iso-or auto-sensitization and 
no evidence of attached antibody on the red 
cells. 

Sternal marrow aspiration, done on the 
second hospital day, revealed cellular marrow 
smears. Numerous megakaryocytes were seen 
but none were producing platelets. The ery- 
throcytic series was increased, with many poly- 
chromatic and basophilic normoblasts. ‘The red 
blood cells showed some polychromatophilia. 
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Fic. 3. Case mt. Subendocardial petechiae and gross 
hemorrhages. 


Electrocardiograms showed only sinus tachy- 
cardia on admission, and except for slight 
general decrease in amplitude, were unchanged 
six days later. 

The patient did not appear generally seriously 
ill on admission, except for fluctuations in her 
mental state. She showed alternately a markedly 
withdrawn and suspicious attitude and a very 
pleasant and cooperative one, and in addition 
she had episodes of excitement and combative- 
ness. On her second night in the hospital there 
was a transient episode of aphasia associated 
with numbness of the right arm and leg. 
Throughout the first week in the hospital 
increasing amounts of sedation were required 
because of increasingly psychotic behavior. On 
the eighth hospital day bright red blood was 
noted mixed with the patient’s stools. 

In view of the fact that she had run irregular 
low grade fever throughout her first week in the 
hospital, associated with marked central nervous 
system manifestations, thrombocytopenic pur- 
pura and hemolytic anernia, the diagnosis of 
thrombotic thrombocytopenic purpura was 
suggested by Dr. C. L. Conley. It was decided 
to transfuse her rapidly and to undertake 
splenectomy while her general clinical condition 
was good. Accordingly, she was given 1,500 cc. 
of whole bank blood on the seventh and eighth 
hospital days, and on the eighth day splenectomy 
was performed under sodium pentothal anes- 
thesia. Just prior to operation the platelet count 
was 30,000 per cu. mm., hematocrit was 34.5 
per cent and reticulocyte count was 9.2 per cent; 


icteric index was 18. Bleeding at operation was 
not excessive; the patient received 500 cc. of 
whole blood during the procedure and 500 cc. 
immediately afterward. About ten minutes 
after the end of the operation it was noted that 
the left pupil was widely dilated although it still 
reacted to light. Four hours later both pupils 
were equal and reacted well to light. Seven 
hours postoperatively the right pupil was widely 
dilated, the patient was moving the left side less 
than the right and there was flaccidity of the 
extremities on the left. Deep tendon reflexes on 
the left were unobtainable and there was a 
questionably extensor plantar response on the 
left. It was thought that vascular lesions had 
probably developed in the mid-brain. 

She received 250 cc. of fresh blood by direct 
transfusion in the immediate postoperative 
period. Four hours after splenectomy platelet 
count was 22,000 per cu. mm. and reticulocytes 
were 9.4 per cent. 

On the day following operation she was awake 
but somewhat disoriented; her general condi- 
tion was good. Pupils were equal at this time 
and reacted normally to light. She was given 
another 300 cc. direct transfusion. Platelet count 
was 18,000 per cu. mm. and reticulocytes were 
18.4 per cent. High fever had appeared, her 
temperature at one point reaching 105.2°r. 

During the second postoperative day high 
fever persisted and she was very lethargic and 
disoriented. Gross bleeding from the gums and 
bowel had appeared. Her hematocrit had 
dropped from 33.5 to 26.8 per cent in twenty- 
four hours, and she was given 1,000 cc. of bank 
blood. Platelet count on this day was 14,000 per 
cu. mm., reticulocytes were 20.8 per cent, and 
there were 32 nucleated red blood cells per 100 
white blood cells. White blood cells were 15,700, 
with 2 per cent differentiated myelocytes, 18 per 
cent juvenile neutrophils, 58 per cent segmented 
neutrophils, 12 per cent lymphocytes and 10 per 
cent monocytes. Bilirubin was 3.5 mg. per cent, 
with 2.0 mg. per cent direct-reacting. 

On the third day after operation, with the 
patient’s general condition deteriorating rapidly, 
her purpura increasing and with the appear- 
ance of generalized convulsions, it was decided 
to add adrenocorticotropic hormone (ACTH) 
to the therapeutic program. She was given 
40 mg. intravenously in 750 cc. of 5 per cent 
glucose over an eight-hour period, and in addi- 
tion was started on 40 mg. intramuscularly 
every six hours. There was no evident effect on 
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Fic. 4. Case m1. Petechial hemorrhages in cerebral 
cortex and basal ganglia. 


the course of her disease although the peripheral 
blood eosinophils did not fall appreciably on 
this schedule. She became comatose, her neck 
became stiff and she continued to have oc- 
casional generalized convulsions. She died 
quietly on the fourteenth hospital (fifth post- 
operative) day. Repeat blood studies on the day 
before death revealed a platelet count of 22,000 
per cu. mm., reticulocyte count of 8.2 per cent, 
white blood cells 10,900 with persistent marked 
shift to the left in the myeloid series and 58 
nucleated red blood cells per 100 white blood 
cells; there were a few spherocytes present on 
smear. Red cell fragility studies in hypotonic 
saline revealed beginning hemolysis in 0.57 per 
cent saline, well marked hemolysis in 0.48 per 
cent and complete hemolysis in 0.30 per cent; 
corresponding control figures were 0.48, 0.45 
and 0.30 per cent. 

At autopsy ten hours after death (Dr. Terence 
Cochrane) the body was that of a well nourished 
and well developed white woman. The skin and 
mucous membranes were slightly icteric. There 
were numerous petechiae over the upper ex- 
tremities. There was a recent splenectomy 
incision in the left upper quadrant of the ab- 
domen. The abdominal cavity contained 150 cc. 
of blood; the left pleural cavity contained 200 cc. 
and the pericardial cavity 150 cc. of slightly 
icteric fluid. The heart weighed 360 gm.; there 
were petechiae scattered over the epicardium 
and the endocardium showed subendothelial 
hemorrhages in all four chambers. (Fig. 3.) 
The myocardium was brown and Uniform in 
color. The edges of the mitral valve were 
slightly thickened and there was a small hyaline 
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Fic. 5. Case m1. Petechial hemorrhages in cerebel- 
lum and brain stem. 


vegetation on this valve. The lungs showed 
mottled dependent congestion and a_ few 
petechiae scattered over the cut surfaces. The 
liver weighed 1,850 gm.; in the porta hepatis 
was a 2 cm. lymph node with a hemorrhagic 
center. The stomach, duodenum, small bowel 
and colon showed many submucous petechiae. 
The pancreas showed several small areas of fat 
necrosis in the tail. The adrenals were normal 
in size and showed several petechiae scattered 
throughout the cortices. The kidneys were large 
and showed numerous petechiae throughout the 
cortex, medulla and calyces. There was a large 
hemorrhage in the left perirenal fat. There were 
petechiae also in the mucosa of the bladder and 
cervix, in the pharyngeal mucosa and in the 
diaphragm. There was a long clot in the uterine 
cavity. The bone marrow looked hyperplastic 
grossly. The brain weighed 1,180 gm. The 
meninges were delicate and the superficial 
cerebral vessels were markedly distended. On 
coronal sections tiny petechiae were found 
scattered diffusely in the gray matter of the 
cerebral cortex, basal ganglia, cerebellar cortex 
and dentate nuclei. There were no hemorrhages 
over 1 mm. in diameter. (Figs. 4 and 5.) 

The spleen (surgical pathology No. 51-919) 
weighed 410 gm. It was soft and showed 
prominent malipighian bodies grossly. No dis- 
crete lesions were identified. 

Microscopically numerous fresh and organiz- 
ing hyaline and granular eosinophilic thrombi 
were found in heart, lungs, spleen, kidneys, 
adrenals, brain, tongue and lymph nodes. 
There was relatively little alteration in the walls 
of the involved vessels although occasionally, 
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underlying a thrombus, local defects in vascular 
musculature were seen. Except in the myo- 
cardium, necrosis was surprisingly slight. The 
spleen and kidneys showed no lesions suggesting 
disseminated lupus. Thrombi in the brain were 
found especially in the cerebral cortex, basal 
ganglia and cerebellum. Occasional lesions 
in the skeletal muscle were found. 

Comment. This patient’s disease was diag- 
nosed antemortem and splenectomy was under- 
taken while her general clinical condition was 
still good; there was no evident beneficial 
effect from this procedure. ACTH therapy was 
begun at a time when she was moribund and 
for this reason the absence of change for the 
better following institution of ACTH cannot be 
construed as evidence that the drug is of no 
benefit in this condition. Of considerable inter- 
est is the finding of megakaryocytes which 
showed no platelet production, both in Case 1 


and in this case. This would suggest that de- 


creased supply of platelets from the bone mar- 
row may be a factor in the thrombocytopenia 
in this disease. Also of interest in this patient 
was the fact that examinations of the peripheral 
blood for ‘‘L.E. cells” were negative. 


REMARKS 


Further progress in understanding the patho- 
genesis of thrombotic thrombocytopenic pur- 
pura and in treating it rationally will depend 
on antemortem recogniton of the disease. It 
should be suspected when patients present with 
fever, thrombocytopenic purpura, evidences of 
hemolytic anemia (icterus, anemia, immature 
red blood cells in the peripheral blood and 
increased fecal and urinary urobilinogen excre- 
tion), and bizarre and varying central nervous 
system manifestations. Frequently hepatospleno- 
megaly will be found. Other features may be 
abdominal pain, listlessness, a café-au-lait tint 
to the skin and pallor. The cerebrospinal fluid 
may be normal or may contain slightly increased 
amounts of protein as well as red and white 
blood cells. Individual organ involvement is 
reflected clinically most clearly in the case of 
the brain; in one instance!® glycosuria was asso- 
ciated with extensive lesions in the islets of 
Langerhans. Cardiac abnormalities may reflect 
the thrombotic lesions with associated small 
myocardial necroses or may be due to associ- 
ated rheumatic heart disease. In one case in this 
series a large myocardial infarction was evi- 
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dently associated with coronary embolization 
from non-bacterial valvular vegetations. Serum 
proteins have been normal in the cases in which 
they were determined. 

The blood picture is characterized by a 
normocytic normochromic anemia which tends 
to progress as the disease advances, and which 
is only very transiently benefited by trans- 
fusions; there are abnormal numbers of reticulo- 
cytes and nucleated red blood cells in the 
peripheral blood. There is thrombocytopenia 
associated with prolonged bleeding time, poor 
clot retraction and positive tourniquet test. 
White blood cells may be normal or increased 
and the differential may or may not show im- 
mature cells of the myeloid series. On occasion 
spherocytes may be found in the blood and red 
cell fragility in hypotonic saline may be in- 
creased. Sternal marrow may show a normal 
differential count or there may be erythroid 
hyperplasia. In most reports normal platelet 
production from megakaryocytes is noted but 
in two of the three patients in this series no 
platelet production was evident and the same 
was true of one of the cases of Meacham et al.”? 

The disease has been fatal in every recorded 
case; in one case there was a three-month course 
with a partial remission of about one month’s 
duration, and in another a three-year course, 
but the other cases have run steadily downhill 
courses in from two to nine weeks. The case of 
Brown and Norman" is an exception but this 
patient presented so many atypical features and 
such an unusual course that it is difficult to 
categorize it properly. 

The true nature of the disease remains ob- 
scure. It has been assumed that the tiny thrombi 
are composed of blood platelets, and this may 
be so although it has not been directly demon- 
strated as yet. Three of the thirty-two patients 
now in the literature gave a history of acute 
rheumatic fever or had rheumatic heart disease 
at autopsy. In addition Beigelman?’ presented 
two patients who were thought to have histologic 
lesions of disseminated lupus erythematosus, 
and one of the cases in the present series had 
marked periarterial fibrosis in the spleen; there 
is a history of sulfonamide sensitivity in three of 
the cases in the literature and two patients had 
a history of urticaria. One had lesions of sub- 
acute glomerulonephritis in addition to those of 
thrombotic thrombocytopenic purpura. There 
is some overlap in these associated findings but, 
in all, eight patients (25 per cent) of the thirty- 
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two now reported had evidences of conditions 
thought by some to be diseases of hypersensi- 
tivity in addition to thrombotic thrombocyto- 
penic purpura. It may well be that this syn- 
drome is a manifestation of a hypersensitive 
state and it may be related, in some cases at 
least, to disseminated lupus. It seems increas- 
ingly likely that vascular injury is an important 
feature of the lesions. It would seem that studies 
along these lines might be profitable in future 
cases; perhaps therapeutic trials on ACTH or 
cortisone might be given earlier in the course 
of the disease than was possible in our patient 
or in the patient of Meacham et al. It will be of 
value to search peripheral blood and bone mar- 
row for “L.E. cells.’’ Further studies on the 
nature of the hemolytic mechanism are indi- 
cated. Evaluation of splenectomy as a therapeu- 
tic procedure is as yet premature since only 
seven have been performed in this syndrome 
and four of these patients were terminally ill 
when the operation was done. Splenectomy may 
have been responsible for the long remission in 
Meacham’s patient.”° 


SUMMARY 


1. The literature on thrombotic thrombocyto- 
penic purpura is reviewed and three cases are 
added; in one of these the patient was unsuc- 
cessfully treated with splenectomy and ACTH. 

2. Eight of the thirty-two patients now re- 
ported have shown, in addition to thrombotic 
thrombocytopenic purpura, evidence of some 
condition thought to be due to a hypersensitive 
state. The possibility that thrombotic thrombo- 
cytopenic purpura may be a manifestation of a 
hypersensitive state or even, in some cases, of 
disseminated lupus erythematosus, is discussed. 

3. The importance of further study of the 
condition and of increased efforts at antemortem 
diagnosis is stressed. 
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Addendum. Since this paper was submitted 
for publication, an additional case has been 
recognized during life and studied by Doctor 
Thomas Green and his associates. Preparations 
of this patient’s peripheral blood were negative 
for “‘L.E. cells.” 
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Incidence of Leukemia in Survivors of the 


Atomic Bomb in Hiroshima and 


Nagasaki, Japan’ 


JARRETT H. FOLLey, M.D.,t WAYNE BorGEs, M.D.{ and TAkuso YAMAWAKI, M.D.§ 
Hiroshima, Fapan 


HE concept of irradiation as a leukemo- 
| genic agent is not a new one. A consider- 
able amount of experimental work in 
animals has been done concerning the effects of 
irradiation and its possible relationship to the 
development of leukemia. There is general ac- 
ceptance of the experimental evidence that 
leukemia may be produced in_ susceptible 
species of animals by exposure to roentgen 
irradiation.! Reports suggesting that man may 
be similarly affected have appeared since 1911 
but the evidence has been less convincing.” 
Martland in 1931 reported agreement among 
authorities that contact with radioactive sub- 
stances and x-rays produces alterations of which 
the principal objective symptoms are leuko- 
penia, more rarely a leukemia, and an anemia 
of the aplastic type.* Recently, March has 
reported that leukemia has occurred as a cause 
of death more than nine times as frequently in 
radiologists as in non-radiologic physicians in 
the United States." 

In 1948 the Atomic Bomb Casualty Commis- 
sion initiated the first survey of the incidence of 
leukemia in whole human populations exposed 
to high energy radiation by the explosion of an 
atomic bomb. The aim of the investigation has 
been to obtain information concerning all in- 
dividuals in Hiroshima and Nagasaki having 
onset of symptoms of leukemia or dying of the 
disease since the atomic explosion in 1945. It 
was found that data previous to late 1947 were 


unreliable and insufficient due to the destruc- 
tion of records and the general medical condi- 
tions prevailing. 

The purpose of this report is to present data 
on the incidence of leukemia and deaths from 
leukemia in the survivors of the bombing in 
Hiroshima and Nagasaki during the years 1948, 
1949 and 1950 and to compare the incidence 
and death rate from leukemia in individuals 
exposed to radiation at various distances from 
the hypocenter. 


CASE MATERIAL 


In all cases of leukemia from all sources an 
attempt has been made to establish the location 
of the individual at the time of the explosion of 
the atomic bomb, to determine the presence or 
absence of symptoms of radiation injury and 
to confirm the diagnosis of leukemia by objective 
criteria. The sources of material in Hiroshima 
were (1) patients referred by physicians to the 
Commission with the diagnosis of leukemia or 
suspected leukemia; (2) patients admitted to 
hospitals of the city with the diagnosis of 
leukemia or suspected leukemia; and (3) cases 
discovered by a review of the death certificates 
on file with the Health Center of the city in 
which leukemia was listed as a cause of death. 

The patients seen at the Commission’s labora- 
tory were given complete medical histories, in- 
cluding a history concerning symptoms of 
radiation injury, complete physical examina- 


* Sponsored by the Atomic Bomb Casualty Commission, National Research Council, with funds supplied by the 
United States Atomic Energy Commission. The Atomic Bomb Casualty Commission was authorized by directive of 
the President of the United States in 1946. It was established in the same year under the auspices of the National 
Research Council, with the support of the Atomic Energy Commission for the purpose of studying long-term medical 


effects of the atomic bombs exploded in Japan. 


t Medical Director, Atomic Bomb Casualty Commission. On leave of absence from the Hitchcock Clinic, Hanover, 


New Hampshire. 


¢t Atomic Bomb Casualty Commission, 1949-1950. The Children’s Center, Boston, Massachusetts. 
§ Department of Pediatrics, Hiroshima Red Cross Hospital, Hiroshima, Japan. 
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tions, peripheral blood studies and, in many 
cases, bone marrow aspirations or biopsies. 
Patients in outside institutions were examined 
by the Commission’s personnel whenever possi- 
ble. In all cases the hospital records of this group 
were reviewed and blood smears and bone 


leukemia as it is for this period of three years in 
these cities in which data are complete. 


POPULATION DETERMINATIONS 


The incidence of leukemia in the exposed 
population was computed on the basis of the 


TABLE I 
ACCEPTED CASES OF LEUKEMIA INVESTIGATED BY THE COMMISSION IN THE EXPOSED AND NON-EXPOSED 
POPULATION AND THE NUMBER OF DEATHS IN THESE GROUPS 


EXPOSED NON-EXPOSED _ 


Cases of Deaths from Cases of Deaths from 
Leukemia Leukemia Leukemia Leukemia 


Hiroshima 31 22 23 19 
Nagasaki 16 15 14 14 
Total 47 37 37 33 


marrow preparations, when available, were 
examined. 

Cases which were discovered by death certifi- 
cate were investigated by means of contact with 
the immediate family, the physician of the 
deceased and, in patients who had been hospi- 
talized, the review of hospital records, laboratory 
data and autopsy material. Information ob- 
tained from death certificates was personally 
checked by the Commission. 

Data on the cases of leukemia in Nagasaki 
were largely obtained from investigation of 
individuals dying from the disease since January, 
1948. The initial source of material was death 
certificates on filein the Nagasaki Health Center. 
The same procedure of investigation was fol- 
lowed as in Hiroshima. 

The Commission investigated a total of ninety 
cases of leukemia. Insufficient information con- 
cerning possible exposure to the atomic bomb, 
residence in another city and onset of symptoms 
of leukemia previous to August, 1945, eliminated 
six of this total number. Table 1 shows the dis- 
tribution of these eighty-four cases and the 
deaths from leukemia in each group. 

Table 1 lists the forty-seven exposed cases of 
leukemia with the method of diagnostic con- 
firmation available. In only four cases located 
by means of a death certificate could no ob- 
jective confirmation of the diagnosis be made. 
The entire series of cases is available for analysis 
by age and sex distribution and the type of 
leukemia. However, only those patients having 
onset of symptoms or dying of the disease during 
the years 1948, 1949 and 1950 with residence 
in the cities of Hiroshima and Nagasaki have 
been used in the analysis of the incidence of 


total numbers of that population. The figures 
for the exposed population presently residing 
in the cities of Hiroshima and Nagasaki used in 
the incidence calculations of this report were 
obtained from the Commission’s survivor ques- 
tionnaire circulated with the Japanese National 
Census of October 1, 1950. The accuracy, within 
10 per cent, of the figures from this source has 
been confirmed by population estimates ob- 
tained from the Public Health and Welfare 
Section of SCAP, a sample census by the Com- 
mission in 1950 and the Commission census file. 

Distribution of the exposed population of the 
two cities by distance from the hypocenter was 
established by a radiation census in which the 
location of the individual at the time of the 
bombing was determined by trained interviewers. 


COMPARATIVE INCIDENCE 


Table m1 shows the incidence of leukemia in 
all of Japan and the United States for 1940. 
Data for Japan are not available for the war 
years and the immediate postwar years of 1941 
through 1947. No data for the cities of Hiro- 
shima and Nagasaki are available as the records 
were destroyed in 1945. 

It becomes apparent from a comparison of the 
available statistics in Japan with those of the 
United States that the reported incidence of 
leukemia in Japan averages only one-third of 
that in the United States in terms of per million 
living population and about one-fourth in terms 
of per 10,000 total deaths. Sacks and Seeman 
reported that the death rate from leukemia in 
the United States has risen continuously since 
1900, with an accelerated rate of increase since 
1920. They pointed out that the increase is not 
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TABLE II 
ALL ACCEPTED CASES OF LEUKEMIA IN EXPOSED SUBJECTS RECORDED BY THE COMMISSION WITH THE 
INDICATION OF THE METHOD OF CONFIRMATION AVAILABLE 


{Distance from Seen 
Hypocenter of at Blood Bone Death Hospital Aut 
(meters) Death ABCC Smear Certificate Record ee 


700 1948 

900 Living 
950 Living 
950 1950 

950 Living 
950 1950 

970 1950 

1020 1950 

1040 1949 

1045 1949 

1050 1950 

1050 Living 
1100 1949 

1100 1950 

1130 1950 

1150 1950 

1150 Living 
1150 1948 

1170 Living 
1190 Living 
1220 1948 
1300 1950 
1350 Living 
1350 1949 

1400 1949 

1440 1947 

1450 1948 

1475 Living 
1500 1948 

1520 Living 
1530 1950 

1550 1950 

1600 1948 

1750 1949 

1820 1949 

1830 1948 

2110 

2175 1951 
2400 1951 

2650 1951 

2820 1948 

3050 1950 

3600 1951 

3780 1950 

5350 1951 

5420 1949 

5680 1948 


jee 
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due to changes in the age distribution of the A total of thirty cases and twenty-four deaths 


population and that improved diagnostic tech- 
niques and greater use of medical facilities must 
be considered in determining the cause for the 
rising death rate.‘ The lower incidence of 


were recorded in Hiroshima as compared with 
nineteen cases and nineteen deaths in Nagasaki. 
An analysis by the Chi square and interaction 
method shows no significant difference between 


leukemia, as reported in Japan, may be due to __ the two cities. 


TABLE I 
OFFICIAL FIGURES ON THE INCIDENCE OF LEUKEMIA IN ALL JAPAN INCLUDING OKINAWA FOR THE YEARS 
1935-1940, 1948, 1949* AND THE INCIDENCE IN THE UNITED STATES FOR THE YEAR 1940** 


Leukemic 
Deaths per 


104 Total Deaths 


Leukemic 
Total Deaths| Leukemic| Deaths per 
Deaths 10° Livin 
1,161,936 969 14.0 
1,230,278 991 14.1 
1,207,899 930 i3. 
1,259,805 911 12. 
1,268, 760 930 a2. 
1,186,595 939 12. 


Year| Population 


1935 
1936 
1937 
1938 
1939 
1940 


69,254, 148 
70, 258, 200 
71,252, 800 
72,222,700 
72,875, 800 
73,114, 308 


1948 
1949 


80, 200, 000 
&2, 200, 000 


950,610 956 ll. 
945,444 1, 120 13. 


UNITED STATES 


1940]131, 669,000] 1,417,285 | 5,135 | 39 


*The Division of Health and Welfare Statistics, Welfare Minister's 
Secretariat, Tokyo ; 


**Based on a publication of the United States Department of Commerce- 
Vital Statistics Rates in the United States 1900-1940 by Linder,F.E. 


and Grove, R.D. 


a relative lack of medical facilities available 
and the ratio of physicians to a large rural 
population. The available figures suggest that 
the incidence in Japan may actually be lower 
than in the United States. 

In the absence of a satisfactory basis for pre- 
dicting an expected incidence and death ratio 
it has been considered desirable to compare the 
incidence and death rate from leukemia in the 
exposed and non-exposed populations of the 
cities of Hiroshima and Nagasaki. Further, a 
comparison of the incidence and death rate 
from leukemia is made between the population 
exposed under 2,000 meters and 2,000 meters 
and over. 


PRINCIPAL FINDINGS 
AND THEIR INTERPRETATION 


Incidence of Leukemia. Table tv lists the cases 
with onset of leukemia and deaths from leukemia 
during the years 1948, 1949 and 1950 in the 
cities of Hiroshima and Nagasaki. 


In the total exposed population of the two 
cities twenty-nine cases and twenty-three deaths 
are recorded as compared with twenty Cases 
and twenty deaths in the non-exposed popula- 
tion. This is a highly significant increase in the 
incidence and deaths from leukemia in the 
exposed population as shown by the Chi square 
analysis. 

In Table v the cases of leukemia and deaths 
from leukemia for 1948, 1949, and 1950 in the 
exposed population are presented according to 
distance from the hypocenter of the atomic 
explosion. A total of twenty-two cases and eight- 
een deaths from leukemia were recorded in the 
population exposed under 2,000 meters as 
compared with seven cases and five deaths in 
the population exposed at 2,000 meters or over. 
A comparison of these data by the Chi square 
test reveals a highly significant increase in both 
the incidence and deaths from leukemia in the 
group exposed at a distance of less than 2,000 
meters from the hypocenter. 
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The data for deaths from leukemia in Table v 
are graphically represented by Figure 1 in which 
the per cent of total deaths, occurring in the 
combined cities, contributed by the various 
segments of the exposed population is compared 
with the per cent of the total exposed population 


315 
it comprises 80 per cent of the total exposed 
population. 

Figure 2 represents the number of deaths 
from leukemia in subjects at various distances 
from the hypocenter expressed as deaths per 
10® living persons in each group. Table v1 pre- 


TABLE IV 
CASES WITH ONSET OF SYMPTOMS OR DEATH FROM LEUKEMIA DURING 1948-1950 INCLUSIVE IN THE 


POPULATION 


OF THE CITIES OF HIROSHIMA AND 


NAGASAKI 


EXPOSED 


NON- EXPOSED 


TOTAL 


Deaths 
1948- 
1950 


Cases 
1948- 
1950 


Population 


Population 


Deaths 
1948- 


Cases 
1948- 
1950 


Cases 
1948- 
1950 1950 


Population 


30 
19 
49 


19 
10 


13 
10 
23 


285, 712 
241,805 


98,265 
96, 962 
195,227 


187, 447 11 11 
144, 843 9 9 
332, 290 20 20 


Hiroshima 


Nagasaki 
Total 


Summary of Comparison 

Number of Cases of Leukemia 
D/F P 
0.99 
10.34 
3.30 


Deaths from Leukemia 
x? P 
0.05 
5.01 
0.47 


Comparison 


Hiroshima vs Nagasaki 


1 
Exposed vs Unexposed | 1 
1 


Interaction 


TABLE V 
CASES OF LEUKEMIA WITH ONSET OF SYMPTOMS OR DEATH FROM LEUKEMIA DURING 1948-1950 INCLUSIVE 
IN THE CITIES OF HIROSHIMA AND NAGASAKI ACCORDING TO DISTANCE FROM HYPOCENTER 


HIROSHIMA CITY NAGASAKI CITY 


TOTALS (combined areas) 


Distance 


Cases 


Deaths 


Exposed 


from 
Leukemia 


of 
Leukemia 


rom 
Hypocenter 
(meters) 


Population 


Exposed Cases 
Population 


Deaths 
from 


Exposed 


Cases 


Population of 


Deaths 
from 


Leukemia |Leukemia Leukemia |Leukemia 


0- 999 1,400 


671 


2,071 


1000-1499 10,596 


3,227 


13, 823 


1500-1999 19,002 


4,361 


23, 363 


Under 2000] 30,998 


8,259 


39,257 


2000-over 67, 267 


88, 703° 


155,970 


Totals 98 , 265 13 


96, 962 


10 10 195,227 


Comparison of Incidence in Combined Cities of Cases and Deaths from 
Leukemia Exposed under 2000 Meters vs 2000 Meters or over 


Cases of Leukemia 


Deaths from Leukemia 


x2 56.12 


48.42 


D/F 1 


P <.001 


<.001 


comprised by each segment. The population 
exposed at distances up to 1,999 meters con- 
tributed 78 per cent of all deaths from leukemia 
although it comprises only 20 per cent of the 
total exposed population. The population 
exposed at 2,000 meters or over contributed 
only 22 per cent of the leukemic deaths although 
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sents the calculated death rate from leukemia 
in the exposed populations of the two cities by 
distance from the hypocenter. The death rate 
per 108 living persons in the population exposed 
at distances less than 2,000 meters is high as 
compared with the death rate in the population 
exposed at 2,000 meters or over. 
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Percent of total deaths 
from leukemia 


Apprex. percent of 
total population 


1900- 0- 
1999 1999 
DISTANCE FROM HYPOCENTER IN METERS 
Fic. 1. Comparison of per cent of total deaths from leukemia in the cities of Hiroshima and Nagasaki 
during 1948, 1949 and 1950 contributed by various segments of the exposed population compared 
with the per cent of total exposed population comprised by each segment. 


DEATHS FROM LEUKEMIA PER 10° LIVING PERSONS IN GROUP 


0- 
999 


EXPOSED 

DISTANCE FROM HYPOCENTER IN METERS 
Fic. 2. Number of deaths from leukemia in Hiroshima and Nagasaki cities 1948-1950 occurring in 
the exposed groups expressed as deaths per 10° living persons in that group. 
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Acute Radiation Symptoms. It should be recog- 
nized that due to shielding, and perhaps other 
factors such as individual resistance, a significant 
percentage of the survivors exposed to radiation 
at distances less than 2,000 meters gives no 
history of acute radiation illness following the 


tion, which occurred in all of the patients with 
leukemia exposed at distances less than 1,000 
meters, was also more severe in this group, 
being complete in 75 per cent of the cases. The 
symptoms and signs of radiation injury appear 
to diminish rapidly in the patients exposed 


TABLE VI 
DEATHS OBSERVED FROM LEUKEMIA AND CALCULATED DEATH RATE FROM LEUKEMIA IN THE EXPOSED 
POPULATIONS OF HIROSHIMA AND NAGASAKI FOR THE YEARS 1948, 1949 anp 1950 


Distance from 
Hypocenter 


(meters) 


Area 


Exposed 
Population 


Death Rate 
from Leukemia 
per 10° Living 

Persons 


Deaths from 
Leukemia Observed 


0-1,999 Hiroshima 30,998 


290 


Nagasaki 8,259 


1080 


Total 39,257 


458 


over 2000 Hiroshima 67 , 267 


59 


Nagasaki 88,703 


11 


Total 155,970 


32 


All Distances | Hiroshima 98,265 


13 132 


Nagasaki 96,962 


10 103 


Total 195,227 


23 118 


exposure. * A positive radiation history in the 
population exposed beyond 2,000 meters is 
unusual. It becomes significant in comparing 
the incidence of leukemia in the exposed popula- 
tions according to distance from the hypocenter 
to document actual exposure to radiation injury. 
Data are available on forty-seven exposed 
patients who developed leukemia with reference 
to symptoms of radiation injury following the 
bombing. (Fig. 3.) Epilation, purpura and 
oropharyngeal lesions are reliable signs of acute 
radiation effect. It has been recognized that 
fever and vomiting may be non-specific symp- 
toms unrelated to radiation. However, all 
radiation histories were taken by physicians 
and the symptoms and signs were evaluated 
as to the time of appearance, relationship to 
other portions of the medical history and the 
accuracy and intelligence of the informant before 
being recorded. The radiation histories represent 
signs and symptoms based on the etiologic factor 
of radiation as well as can be determined. 
While the case numbers are small and the 
incidence of the symptoms varies ‘somewhat 
from group to group, fever and epilation show 
a striking progressive diminution of occurrence 
as distance from the hypocenter increases. Epila- 


* Atomic Bomb Casualty Commission unpublished 
data. 
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beyond 2,000 meters. Whereas epilation of some 
degree occurred in 70 per cent of the patients 
exposed under 2,000 meters, it was not observed 
in the eleven patients exposed beyond this point. 
Purpura also was not found in the latter group, 
and a positive history of the other symptoms 
listed was found only in a single case. 

The presented data in the cases of leukemia 
exposed at distances less than 2,000 meters 
documents the actual exposure to radiation 
injury by a high incidence of symptoms and 
signs indicative of a severe radiation insult. 
This is again evidence supporting the concept 
of radiation exposure as a leukemogenic agent 
in man. 

Age Distribution. In the United States leuke- 
mia affects persons in the older age groups, 
fifty-five years and over, with the greatest 
frequency and the death rate from leukemia 
is lowest in the intermediate ages.‘ Forty-six 
cases of leukemia, developing since 1945, in the 
exposed population and thirty cases in the non- 
exposed population of Hiroshima and Nagasaki 
in whom the age at onset of symptoms could be 
determined are presented in Figure 4. 

In the thirty-six patients exposed at distances 
less than 2,000 meters approximately 86 per cent 
(thirty-one patients) had onset of symptoms 
before the age of forty-five years and in no 
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Fic. 3. Incidence of symptoms and signs of radiation injury at time of atomic bomb in forty-seven 
subjects exposed in Hiroshima or Nagasaki in whom leukemia subsequently developed. 
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0-14 15-44 65-over 
AGE IN YEARS 
Fic. 4. Age distribution based on age at onset of symptoms in seventy-six cases of leukemia develop- 
ing in Nagasaki and Hiroshima areas since the atomic bomb. 
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(36 cases) 
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Fic. 5. Distribution by type of leukemia of the forty-seven exposed patients with leukemia i 


Hiroshima and Nagasaki areas since the atomic bomb. 
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(11 cases) 
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Fic. 6. Distribution by sex of the cases of leukemia occurring in Hiroshima and Nagasaki areas since 
the atomic bomb. 
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patients has leukemia been observed to develop 
after the age of sixty-five. In ten patients ex- 
posed beyond 2,000 meters 60 per cent (6 cases) 
occurred before the age of forty-five, 40 per cent 
(4 cases) between ages forty-five and sixty-four 
and none after the age of sixty-five years. The 
cases found in the non-exposed population show 
a roughly comparable distribution, 80 per cent 
(24 cases) being observed in the 0 to 44 age 
group and only 3.3 per cent (one case) after 
the age of sixty-five years. In the non-exposed 
populations of Hiroshima and Nagasaki a higher 
incidence is noted in the 0 to 14 age group than 
in the exposed population. It should be recog- 
nized that in the exposed population there was, 
for example in 1950, no individual under the 
age of five years. Since the incidence of leukemia 
is relatively high in the first two years of life, the 
advancing years have removed a segment of the 
0 to 14 age group in exposed subjects which in a 
normal population would be expected to con- 
tribute some cases of leukemia. 

It is tempting to read into these figures a 
possible shift in the age of onset of leukemia to 
a younger than average group and to speculate 
as to the possible role of radiation as a causative 
agent. However, it appears that a similar inci- 
dence of leukemia in younger age groups is 
present in the non-exposed group and the cases 
exposed beyond 2,000 meters as well. Since 


this latter group showed no increase in the . 


incidence of leukemia, there is no support in the 
present data for speculation concerning the 
acceleration of the appearance of leukemia by 
exposure to radiation. 

Type of Leukemia. The distribution by type 
of leukemia in forty-seven cases in the com- 
bined exposed populations of Hiroshima and 
Nagasaki is illustrated in Figure 5. A high pro- 
portion of acute leukemia is found in-both the 
group under 2,000 meters, presumably most 
heavily exposed to radiation, and the group 
exposed at distances greater than 2,000 meters 
in which no increase in the incidence of leukemia 
is found. It has already been pointed out that 
the age of onset of leukemia in these cases is early 
and acute leukemia and myelocytic leukemia 
are more common in the younger age groups. 
No statement concerning the role of radiation 
in the determination of the type of leukemia 
which develops is warranted on the basis of the 
present data. 

Sex Distribution. Figure 6 indicates the dis- 
tribution by sex of all known cases of leukemia 


in both the exposed and non-exposed popula- 
tions of Hiroshima and Nagasaki. The cases 
involved here are obviously too few from which 
to draw conclusions and are presented only 
as a matter of record. 


SUMMARY 


Data have been presented concerning the 
incidence and death rate from leukemia for the 
years 1948, 1949 and 1950 in the populations of 
Hiroshima and Nagasaki, Japan, which were 
exposed to radiation effects of the atomic bombs 
exploded in 1945. 

The incidence and death rate from leukemia 
has been compared in the exposed and non- 
exposed populations of Hiroshima and Nagasaki 
and also within the exposed population by 
distance from the hypocenter. 

The data show an increase in the incidence 
of leukemia in the total exposed populations 
compared with the total non-exposed popula- 
tions of the two cities. A highly significant 
increased incidence of leukemia is found in the 
subjects exposed to the radiation at distances 
of less than 2,000 meters as compared with 
those exposed beyond 2,000 meters. 

Analysis of medical radiation histories in 
exposed subjects with leukemia presents evi- 
dence of severe radiation injury in a high pro- 
portion of the cases exposed under 2,000 meters. 
There is little evidence, by this same analysis, 
of severe radiation injury occurring beyond 
2,000 meters. 

The same pattern of findings of the collective 
analysis is present in the data obtained sepa- 
rately in Hiroshima and Nagasaki. 

Leukemia in the cases exposed both under 
2,000 meters and over 2,000 meters occurs most 
frequently in the early and intermediate age 
groups. 

Acute leukemia and myelocytic leukemia 
have predominated in all cases irrespective of 
the individual’s distance from the hypocenter 
at the time of the bomb explosion. Chronic 
lymphatic leukemia was observed in only a 
single case. The number of cases is small and 
the types of leukemia observed are not incon- 
sistent with the age distribution in which they 
occurred. 

Comparative differences in the sex distribu- 
tion in the cases of leukemia are slight and 
the total numbers too small to warrant any 
conclusions. 
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CONCLUSIONS 


1. There is a significant increase in the 
incidence of leukemia in the exposed popula- 
tions of Hiroshima and Nagasaki as compared 
with the non-exposed populations of the two 
cities. 

2. There is a significant increase in the 
incidence of leukemia within the exposed 
population of Hiroshima and Nagasaki in 
subjects exposed at distances less than 2,000 
meters from the hypocenter. 

3. The concept that radiation from the 
atomic bomb explosions in Hiroshima and 
Nagasaki is a leukemogenic agent in man is 
supported. 

4. No conclusions can be drawn concerning 
the relationship of radiation to the possible 
acceleration of the appearance of leukemia 
or the type of leukemia which may develop in 
the exposed subjects. 

5. The present study should continue and 
emphasis should be placed on the position of 
these data relative to a curve of increased inci- 
dence of leukemia in the exposed population 
under 2,000 meters, and the presence or absence 
of an increased incidence of leukemia occurring 
at a later date in the populations exposed to 
radiation beyond 2,000 meters. 
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Review 


Renal Medullary Necrosis" 


E. E. MANDEL, M.D. 


Atlanta, Georgia 


ECROTIC lesions of the kidney confined 
to the distal paris of the pyramids and 
not resulting from purulent destruc- 

tion, pressure atrophy, obstruction of a larger 
blood vessel or intoxication have been known for 
some time. Their pathogenesis has been the 
subject of much discussion, formerly in Europe, 
more recently in the United States also. The 
present summary of available clinical, pathologic 
and experimental data has been prepared in the 
hope that it will provide a useful basis for fuller 
elucidation of the problem in the future. 

Incidence. Pyelonephritis has been found on 
the autopsy table to occur in 18 to 22 per cent'~* 
of diabetic patients but in only 3.5 to 4 per cent*” 
of general postmortem material. Of 859 diabetic 
patients autopsied at Los Angeles County Hospi- 
tal,° acute pyelonephritis was considered in 107 
to be the cause of death or contributed thereto; 
twenty-nine patients in this group (27.1 per cent) 
showed evidence of “papillary or pyramidal 
necrosis.” Of the sixty patients with acute 
pyelonephritis included in another autopsy 
study on 307 patients with diabetes* sixteen 
showed “necrotizing papillitis.’ Hence the 
incidence of this lesion in diabetic patients was 
3.4 to 5.2 per cent and in diabetic patients 
suffering from pyelonephritis about 27 per cent. 
In contrast it was found among 9,600 necropsied 
non-diabetic patients seven times’ and among 
31,141 similar cases’ twenty-one times, an 
incidence of about 0.07 per cent; these twenty- 
one patients also exhibited the finding of acute 
pyelonephritis of which there was a total of 
1,023 instances. In other words of every 100 
pyelonephritic patients without diabetes two 
had papillary necrosis. 

In the available literature 160 cases of papil- 
lary necrosist were found to have been reported 


‘| This and similar terms are rejected by Giinther® who» 
for plausible reasons, upholds the name papillary or 
medullary necrosis. 

t Medullary and papillary necrosis, as clinical terms, 


in some detail (Table 1),§ the vast majority after 
1937 when the frequent association of the lesion 
with diabetes mellitus was first emphasized by 
Froboese and Giinther,!>:!* By 1948 the latter 
authors had observed twenty-nine cases of which 
only four were without diabetes.® The pre- 
dominance of diabetes in the tabulated cases 
(96 of 160) is in keeping with the findings of the 
survey studies mentioned previously. Obstruc- 
tion of the urinary tract was found in at least 
forty-eight non-diabetic patients and fifteen 
with diabetes. The actual incidence of this 
feature may have been higher since it is not 
referred to in some case reports. The same is true 
of the frequency of unilateral involvement which 
was apparently present in more than one-third 
of the cases in both the diabetic and non-diabetic 
group. In general medullary necrosis, when 
associated with diabetes, was encountered far 
more often without obstruction than with (about 
five to one), while in non-diabetic patients that 
proportion was reversed (one to three). Only 
four of ninety-one diabetic patients listed|| were 
less than forty years of age; fifty-two were be- 
tween fifty and seventy, and seventeen were 
more than seventy years old. Of sixty-two non- 
diabetic patients, || eleven were below forty years 
of age; twenty-two ranged between fifty and 
seventy, and twenty had passed their seventh 
decade. There were sixty-six women among the 
ninety-one diabetic patients, but men _pre- 
dominated among the non-diabetic patients 
(forty-five of sixty-two), a reflection of the fre- 
quent occurrence of urinary obstruction in 
elderly men. 

In view of the reported autopsy incidence 


are used interchangeably in this paper, the papilla being 
a part of the renal medulla. 

§ The diagnoses in the early cases listed may not be 
too reliable; in particular the two non-diabetic cases of 
Turner’s® and all of Stoudensky’s cases!® have been 
questioned by Giinther. ' 

|| Data concerning age and sex were not included in 
some of Giinther’s'® and Alken’s”® case reports. 


* From the Communicable Disease Center, Public Health Service, Federal Security Agency, Atlanta, Ga. 
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this disease may be expected to be the cause of 
death in a considerable proportion of the 
diabetic population in this country unless it will 
be prevented or treated more successfully than 
in the past. Prevention obviously depends upon 
early recognition and prompt, effective treat- 


TABLE I 
160 CASES OF MEDULLARY NECROSIS OF THE KIDNEY 
REPORTED IN LITERATURE 


Diabetes 
Present Absent 
Year of 
Publi- Author 
cation Urinary Obstruction 
Pres- | Ab- | Pres- | Ab- 
ent | sent | ent | sent 
1877 | Friedreich® 1 
1888 | Turner® 1(1) 2(1) 
1899 | Stoudensky!® 6(5) 
1926 | Artusi!! 1 
1931 | Schémer'? 1 2 
1934 | Grauhan'* 2(2) 
1934 | Foulon*!4 1(1) 
1937 | Froboese!® 9(7) 1 
1937 | Ginther'* 2(2)t| 6(1) | 2 
1937 | Praetorius!’ 1(1) 
1937 Sheehan!’ 1 
1938 | Junker!® 1(1) 
1938 | Alken?° 4(4) 
1938 | Schneider?! 1(1) 
1941 | Mellgren *2? 1 1 
1939 Olsson?* 1(1) 
1942 | Overzier?4 1(1) 
1942 | Harrison **5 3(1) 
1944 | Davson *?6 1 
1945 | Eskelund?? 1 
1946 | Robbins*? 9(2) | 6 1 
1947 | Edmondson*® | 8(4) |21(4) |20(9) | 1(1) 
1947 | Pellegrin®® 1 
1947 | Dahlmann?? 1(1) 1 
1948 | Richfield*° 1 
1948 | Stevens **! 1 
1948 | Moore*®? 1 
1949 | Welch*** 1 
1949 | Robbins **4 2(1) | 6(3) | 5 1 
1950 | Gaustad** 3(2) | 2(2) | 1(1) 
1950 | Muirhead **¢ 1 1(1) | 1 
15(9) |81(28) |48(20) |16(4) 
Total 
96(37) 64(24) 


* Signifies co-authors omitted from table. 
+t Numbers in parentheses represent number of cases 
with unilateral involvement. 
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ment of its usual forerunner, pyelonephri- 
tis.5—7,28,25,30,32 Even with the growing number 
of specific antibacterial drugs available, the 
frequently insidious symptomatology of ob- 
structive uropathy and of kidney infection, 
particularly in diabetic patients,!®*537.38 may 
continue to be a source of delay and frustration. 
This fact is illustrated by the difference in the 
reported incidence of pyelonephritis as found 
among diabetic patients*® and as determined in 
necropsied diabetic patients,‘~* that is, 6 per 
cent and 18 to 22 per cent, respectively. 
Clinical Diagnosis and Treatment. Success of 
treatment of a patient with papillary necrosis 
may conceivably depend on its early detection. 
The symptoms, however, of the primary disease 
usually completely mask the presence of the 
necrotic lesion.*~7:?6 Only sporadic cases are 
reported to have been diagnosed clinically, 
mostly on the strength of the roentgen examina- 
tion.5-6.15,20,22,25,38 (A number of cases labeled 
“‘necrotising papillitis’” on the basis of clinical 
and x-ray examinations were not verified 
anatomically.)?!4°4! Among frequent clinical 
findings cited are flank pain, dysuria, urinary 
urgency and frequency; proteinuria, pyuria, 
bacteriuria, microscopic to massive hematuria; 
oliguria and anuria; azotemia (without ap- 
preciable hypertension); chills, fever, nausea 
and vomiting, prostration, stupor and coma 
(with or without diabetic acidosis). The disease 
may set in as an acute fulminating septicemia 
with rapidly advancing uremia and death 
within a few days;>:7:?8-31.32-34 it may appear as 
a sudden uncontrollable exacerbation of a pro- 
tracted pyelonephritis’ or, in some instances, the 
course may be slowly progressive over a period 
of weeks or months toward the usual (but not 
invariable) fatal termination.??:?3.26.35 According 
to Edmondson and his associates criteria for 
diagnosis in diabetic patients include hematuria, 
renal colic, coma and a sudden increase in the 
severity of symptoms of known pyelonephritis. 
However, in non-diabetic patients with ob- 
structive uropathy these authors found, even 
in retrospect, no clue to an antemortem diagnosis 
of associated papillary necrosis. Robbins and 
Angrist** postulated that the lesion should be 
suspected in any severe acute infection of the 
urinary tract in diabetic patients and in all 
non-diabetic patients with urinary obstruction, 
especially if oliguria and a rising blood non- 
protein nitrogen are present. Giinther® stressed 
the usual clinical picture of “‘urosepsis,’’ a com- 
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bination of renal or generalized infection with 
renal insufficiency, and warned of a need for 
awareness of the possibility of a change from 
diabetic coma to uremic coma. Mellgren and 
Redell?? believed that the frequent combination 
of three findings should quite readily delimit 
the clinical picture of the disease from “‘purulent 
pyelitis or pyelonephritis’: hematuria, attacks 
of renal colic and, most important, the x-ray. 
Necrotic tissue sequesters—a conceivable 
cause of colic or ureteral obstruction—were in 
rare instances excreted or obtained through 
cystoscopy and allowed a histologic diagno- 
sis.615.20 More often unilateral nephrectomy 
made possible recognition of the lesion in 
Tn some instances it 
probably contributed to the patient’s  sur- 
even though freedom 
from necrosis of the other kidney was not always 
Spontaneous recovery was 
observed in occasional cases®*®?%.24,34 and, by 
some authors, assumed to be a definite possi- 
bility.2!4°.42 Consequently, and because of the 
possible injurious effect of nephrectomy on the 
function of the remaining kidney, there seems 
to be no final agreement as to whether an ap- 
parently unilateral necrosis constitutes an 
urgent indication for operative removal of the 
organ or whether the patient should be treated 
conservatively. According to Giinther® neph- 
rectomy is indicated only if (1) sequestrated 
papillae seem to entertain infection as suggested 
by pain, pyuria or bleeding, or (2) if urinary 
obstruction is present. American authors are more 
inclined toward radical surgery®7:2%34 which 
may occasionally be confined to nephrostomy. ** 
Roentgenologic Findings. Obviously, of all types 
of clinical examination the retrograde pyelo- 
gram is most apt to demonstrate destruction 
of renal papillae or medulla. Yet this may 
not be possible in the early stage when the 
silhouette of the calyces may be unaffected or 
show only changes consistent with pyelonephri- 
tis. Demarcation and separation of a papilla 
may result in its arcade-like delineation against 
the medulla (“sling’’® or “ring’’?® shadow), in 
disappearance of the papillary tip with conse- 
quent cavity formation®”®.?? or in a concrement- 
like defect within the opaque medium outlining 
the renal pelvis.*:?* When the necrotic process 
originates in the more proximal parts of the 
pyramid,*’ it may not be visualized until break- 
down of the surface of the papilla permits the 
contrast medium to penetrate into the medullary 


cavity created by collapse or resorption of 
necrotic tissue. The changes in the roentgen 
picture may simulate those caused by pyelove- 
nous backflow, by pyelonephritis without necro- 
sis, by tuberculosis, tumor or calculus.®®:?0.28,40.41 

Pathologic Anatomy. In the vast majority of 
published cases the diagnosis was not made until 
autopsy. The gross lesion is readily recognized 
by the pale color of the involved papillae or 
entire pyramids, standing out in sharp contrast 
against the surrounding parenchyma. This 
border is often made more prominent by a 
zone of demarcation along which separation 
may occur, resulting in the finding of necrotic 
particles along the lower urinary tract; they may 
act as nuclei for renal stones, or be excre- 
ted, §-812,15,22,29.48 and may be mistaken for 
tumor particles.1* Microscopically, there is 
coagulation necrosis with pycnosis or absence 
of cell nuclei and loss of cellular detail but per- 
sistence of the general architecture. The cortex 
and columns of Bertini usually show advanced 
pyelonephritis, often with abscess formation but 
no necrosis. The area of demarcation contains 
numerous inflammatory cells and, toward viable 
tissue, marked congestion. Some authors®?*% 
found large mononuclear cells to be prevalent 
in diabetic cases. Thrombosed blood vessels in 
and surrounding the necrotic area have fre- 
quently been encountered and implicated in 
the development of the necrosis, 34, 35 
much as peripheral vascular disease causes 
gangrene of limbs. 

Throughout the parenchyma, bacteria were 
usually found in large numbers.* Escherichia 
coli and staphylococci occurred most often but 
streptococci, Klebsiella pneumoniae, Pseudo- 
monas aeruginosa, proteus and leptothrix were 
also reported Tn two 
instances, Mycobacterium tuberculosis®:!° and 
in one, actinomyces® were found. The mor- 
phologic findings do not appear to depend on 
the type of infecting organism but vary chiefly 
in accordance with the stage of the lesion.’ After 
sequestration or resorption of necrotic material 
healing through fibrosis may occur as evidenced 
by several anatomic studies®?%?434 and sug- 
gested by clinical observations.?!:4%41 

Pathogenesis. The sequence of events as re- 
constructed by Robbins and Angrist*4 and 
concurred in by most recent observers®:®?5 28, 31,32 


* With the exception of a case of papillary necrosis 
in a diabetic patient reported by Schmorl in 1907 who 
claimed complete absence of bacteria. ® 


AMERICAN JOURNAL OF MEDICINE 


7 


Renal Medullary Necrosis—Mandel 325 


is an initial, rapid, complete infarct-like necrosis 
of the affected region precipitated by the infecti- 
ous process, followed with an inflammatory 
reaction. The former authors discounted the 
theory that coalescence of small abscesses at the 
base of the pyramid initiated the distal ischemic 
infarction.’ 

With far advanced lesions only presenting 
themselves for direct inspection at surgical 
operation or postmortem examination, animal 
experiments could be expected to aid in specula- 
tions about the pathogenesis. Some investigators 
utilized one or both of the factors most promi- 
nent in the human disease, namely, urinary 
obstruction and infection. Others, without intro- 
ducing such complicating manipulations, pro- 
duced necrosis in the renal medulla through 
dietary or chemical means. 

Robbins and his group*’ observed the “‘exact 
analogue” of the human lesion, as found com- 
monly in non-diabetic patients, after ligation of 
one ureter in the rabbit and intravenous injec- 
tion of pyogenic organisms; the non-obstructed 
kidney showed no significant involvement. 
Papillary necrosis had previously been observed 
in similar experiments, namely, after simple 
ligation of a ureter,'!® combined ureteral ob- 
struction and retrograde injection of bacterial 
cultures*! and intravenous injection of staphylo- 
cocci in the presence of intact ureters.*® Ureteral 
ligation as applied by Muirhead and his co- 
workers*® either bilaterally or unilaterally and 
combined with contralateral nephrectomy, re- 
sulted in hydronephrosis and necrosis of renal 
papillae in eighteen of twenty-eight dogs, often 
associated with bacterial infection. 

In rats ureteral obstruction failed to produce 
papillary necrosis even when combined with 
pancreatectomy.* Rats maintained on a fat-free 
diet were found to develop circumscript necroses 
of the papillae combined with calcification.*® 
However, the most prominent and constant 
lesion was calcium deposition in the cortical 
tubular epithelium and in casts; the pyramids 
were not directly involved except for their tips. 
A parallelism between this and the human 
lesion has been suggested*‘ but is far from being 
manifest. 

Certain chemicals, such as tetrahydroquino- 
line‘? and vinylamine,‘* have for some time been 
known to cause necrosis of the renal medulla in 
various species. A recent study of vinylamine 
intoxication in rabbits disclosed that the necrosis 
was preceded by a brief stage of excessive 
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medullary hyperemia, coupled with cortical 
ischemia,*® a picture reminiscent of the Trueta 
shunt.®® In the few rabbits which survived the 
necrotic stage there was evidence of fibrotic 
repair. Because of the fundamental difference 
between cortical and medullary response in 
vinylamine poisoning, the medullary necrosis 
(stage 11) was not likely to be the direct result 
of a nephrotoxic action. Rather, it was at- 
tributed largely to acute tissue anoxia resulting 
from vasoparalysis, congestion and multiple 
thrombus formation. The characteristic lesion 
was ischemic coagulation necrosis which began 
near the papilla and often extended up to the 
corticomedullary junction; it was usually de- 
marcated by engorged and thrombotic blood 
vessels and often also by a seam of segmented 
leukocytes. The necrosis involved both Henle’s 
loops and collecting tubules, interstitium and 
blood vessels but allowed recognition of the 
general architecture. Absence of papillary tips 
indicated sequestration which, in one chronic 
case, resulted in stone formation and intermit- 
tent hydronephrosis. The similarity of mor- 
phologic features in this and the human lesion 
is striking. Functionally, the experimental 
lesion differed in that it approximated a 
theoretic lower nephron syndrome: a combina- 
tion of hyposthenuria and polyuria without 
proteinuria and hematuria. Evidently the 
urinary findings in the human disease which, 
as listed previously, include oliguria, proteinuria 
and hematuria reflect the usual diffuse extension 
of the underlying severe infectious process 
throughout both medulla and cortex. Azotemia 
—probably, in part, due to back diffusion—is 
common to both the natural and artificial lesions. 

The available data do not permit any final 
decision as to the various causes of human papil- 
lary necrosis which have been proposed by 
different authors, for example, natural in- 
feriority of the medullary blood supply as com- 
pared with the rest of the kidney 
obliterative vascular disease aggravating the 
former compression of pyramidal blood 
vessels and tissue by increased intrapelvic pres- 
sure or inflammatory edema?:*:!%11,13.18,34,36 or 
by paramyloid,?? and similar injury due to 
retrograde pyelography;!*?" the diabetic state 
and acidosis;>:25-*4 direct destructive action of 
bacteria and toxins on tissue;>*!®?? and others. 
Evaluation of their significance, singly or in 
combination, is beyond the scope of the evidence 
at hand. Giinther,® vigorously rejecting a 
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“mechanical” genesis (compression of tissue), 
stressed the infarct-like picture found even in 
(human and experimental) cases of medullary 
necrosis classified as toxic* or bacterial. The 
observations on vinylamine poisoning tend to 
emphasize vascular trauma and occlusion as an 
important etiologic factor capable of producing 
medullary necrosis even in the absence of 
urinary obstruction, infection or overt dis- 
turbance of either carbohydrate or fat metab- 
olism. The high prevalence of human papillary 
necrosis in diabetic patients and in patients with 
obstructive uropathy may be explained by the 
well-known action of the diabetic state and of 
urinary stasis in favoring the growth and spread 
of micro-organisms which, in turn, will cause 
the vascular injury. 


SUMMARY AND CONCLUSIONS 


Renal medullary necrosis is a serious and often 
fatal complication of pyelonephritis and is there- 
fore most frequently encountered in patients 
suffering from diabetes, or urinary obstruction 
or both. While there are no specific clinical 
criteria known to distinguish this secondary 
lesion from the underlying disease, it should be 
suspected in any case of progressive renal in- 
sufficiency when combined with evidence of 
urinary or systemic bacterial infection. A posi- 
tive diagnosis im vivo can be made through 
examination of excreted tissue particles or of 
operative specimens and at times by means of 
retrograde urography. 

In regard to the development of necrosis 
studies of both human and experimental lesions 
indicate that occlusion of multiple small blood 
vessels, precipitated by the toxic-infectious 
process, plays a major role. 

Prevention should be sought in the early 
detection and elimination of urinary infection 
and obstruction, particularly in the diabetic 
patient. Therapeutic considerations may include 
nephrectomy or nephrostomy, in addition to 
specific antibacterial medication. 
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N comparison to some other fields of medi- 
cine, knowledge of gastrointestinal motor 
function and dysfunction has been accu- 
mulated slowly. Except for a few years after the 
introduction of roentgenologic methods, few 
periods of sudden advancement have occurred, 
such as noted in endocrinology, for example, 
when a new hormone has been isolated and 
made available. The stimulating impact of new 
tools for research has not often been felt in the 
study of motility of the alimentary canal, and 
criticism of old procedures, such as the use of 
balloon technics, may often have inhibited the 
initiation of research. Important knowledge has 
been accumulated nevertheless. Much of it is of 
such long-standing that it is now built perma- 
nently into current medical and physiologic 
concepts. Recently, the introduction of devices 
to record direct pressure and the reexamination, 
modification and reuse of old technics, together 
with efforts for quantitative measurement of the 
activity of the bowel, have brought to light new 
facts and offer hope for a period of accelerated 
progress. 


METHODS FOR THE STUDY OF THE MOTILITY 
OF THE ALIMENTARY CANAL IN MAN 


Roentgenologic Technics. Roentgenologic pro- 
cedures are employed most frequently for study 
of motor activity of the esophagus and gastro- 
intestinal tract in man because of their dual 
usefulness. They offer not only a means of 
recognizing disordered motility but afford also 
a means for detection of pathologic changes. 
The shortcomings of these methods become 
most apparent in studies of the mechanisms of 
bowel action. The necessity of comparatively 
brief periods of visualization, the reliance on 


observation only, the lack of a continuous and 
permanent record from which quantitative 
measurements can be made and the interference 
with visualization of one portion of the bowel 
by opaque medium elsewhere often seriously 
limit the usefulness of roentgenologic technics. 
Still, these methods are unsurpassed when a 
brief observation will suffice and they are essen- 
tial when exact localization of a balloon or other 
unit for measuring motility is required. 

Balloon Technics. Balloons were first used 
about sixty-five years ago to record the motility 
in man by introducing them through a fistula 
into the stomach.!” It is likely that they will 
continue to be used for many years because 
they afford such a simple and inexpensive 
method of detecting motor activity in the ali- 
mentary canal. Also, the records they provide 
are sufficient for many research and clinical 
purposes. 

Some valid objections exist to the use of 
balloon systems in studies of motility, particu- 
larly if they are employed as a means of deter- 
mining intraluminal pressures.*"* Many of these 
undesirable features may be avoided by adapting 
the dimensions of the system to the requirements 
of the study and by selecting an appropriate 
recording manometer. 

Records obtained from large balloons may 
sometimes represent the mean of changes 
occurring in two or more regions of the bowel 
overlying the balloon; contraction over one 
portion of the balloon may be neutralized by 
relaxation over another.® This likelihood is 
greatly reduced if small balloons of the dimen- 
sions of a functional segment of bowel, 5 cm. in 
length or less, are used.®7 

It is often stated that the presence of a balloon 


* From the Section of Physiology, Mayo Foundation, and the Division of Medicine, Mayo Clinic, Rochester, Minn. 
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in the gastrointestinal tract stimulates motor 
activity. Simple contact of the surface of the 
balloon with the mucosa may conceivably be 
stimulating. If this does occur, large balloons 
contacting an extensive mucosal surface would 
be most likely to offend. Stimulation will result, 
however, no matter what the size of the balloon 
if it is inflated sufficiently to distend the walls 
of the viscus in which it lies. This may be done 
purposely to induce motor activity;® it may be 
avoided or minimized by the use of small bal- 
loons that are not filled sufficiently to stretch 
the walls of the alimentary canal. The latter 
situation seems to have been accomplished in 
the system used routinely in this laboratory,?® 
for the balloons, which are small (3 by 5 cm.) 
and are filled slowly at a pressure of 15 cm. of 
water, may rest in the bowel for long periods 
without inducing activity. Also, when balloon 
and pressure records are made simultaneously 
in different portions of the bowel, filling the 
balloon in the prescribed fashion has never in- 
itiated motility or altered intraluminal pressure. 

When a balloon is stretched within the ali- 
mentary canal, the elasticity of the wall of the 
balloon makes some contribution to the pressure 
recorded. To minimize this likelihood, no more 
than 20 to 25 ml. of liquid is placed in a balloon 
that will hold 35 to 40 ml. before its wall is 
stretched.°® 

The manometer used to record the changes 
of pressure within the balloon is an important 
component of the system. If the system is such 
that the balloon is easily compressed, the balloon 
may be emptied before the maximal pressure 
produced by a contraction is recorded. If the 
system is too rigid and the balloon is filled with 
liquid, the balloon may be transformed into a 
hard, incompressible object resembling a golf 
ball, the presence of which may act as a stimulus 
to the bowel or may result in the development of 
excessive pressures when the bowel contracts. 

Thus the volume of gas or liquid displaced 
from the balloon at different pressures becomes 
an important consideration. Ideally, the volume 
of liquid displaced from the balloon at a given 
pressure should be the same as that which would 
be moved by the contraction of a segment of the 
bowel which produced exactly that same pres- 
sure. This volume-pressure relationship or 
coefficient of the stomach or bowel is not 
known. We have found, however, that a balloon 
recording system that has a volume-pressure 
coefficient of approximately 0.13 apparently 
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resembles conditions in the bowel. ‘The objective 
in setting up such a system has been to mimic 
conditions in the bowel so that when the gut 
contracts it will displace the liquid from the 
balloon into the recording system in precisely 
the same fashion that it would displace its 
contents into an adjoining segment. Unfor- 
tunately, such systems usually involve the move- 
ment of water from the balloon into a cushion 
of air inserted in the recording system and the 
volume of liquid that must be moved is usually 
sufficient to render the system sluggish. In the 
apparatus currently used in our laboratory, 
changes in pressure applied periodically to the 
balloon are followed with fidelity only when 
the frequency of such changes is 5 to 8 per 
minute or less.®:!° (Fig. 1.) If changes in pressure 
occurring more rapidly than this are to be 
accurately registered, some other system must 
be employed. 

Technics for Recording Pressure. Changes of 
pressure within the lumen of the alimentary 
tract may be used as a measure of its motor 
activity. Systems utilizing balloons, such as 
those just described, may or may not accurately 
measure intraluminal pressures. At present, 
when the objective of a study is the determina- 
tion of pressures within the alimentary canal, 
methods other than balloons should be sought. 
Open-tipped tubes or catheters, capsules sensi- 
tive to pressure or transducers on the ends of 
various tubes or catheters may be selected. 

To be satisfactory for use in man, systems 
must record with fidelity changes in pressure of 
50 cm. or more of water occurring at the fastest 
rates of rhythmic contractions present in the 
human gastrointestinal tract. The most rapid 
cyclic variations of pressure produced by con- 
tractions in the bowel that we have observed in 
human beings have had a frequency of about 
12 per minute or 1 cycle per five seconds. Some 
components of these changes in pressure, such 
as the rapid upshoot or rapid decline, may 
require systems capable of following changes in 
pressure occurring considerably more rapidly. 
Also, more rapid changes may occur in intra- 
luminal pressure than those we have observed. 
Therefore, fidelity in the region of 1 cycle per 
five seconds may be insufficient for accurate 
recording of all intraluminal changes in pressure 
in man. Fortunately, systems are available that 
record large changes in pressure with great 
fidelity even when they occur rhythmically at 
frequencies far in excess of 1 per second. (Fig. 
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1.) These systems employ open-tipped tubes or 
catheters filled with water or air and connected 
outside the body to rigid optical manometers,'':'* 
to electric strain gauges'* or to tiny electric 
pressure-detecting units or transducers inserted 
into the ends of catheters or tubes that can be 
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device.'® Much closer correlation between these 
two methods was noted in the most recent 
study, in which balloons of the dimensions 
already mentioned were employed and the 
electric pressure transducer was used to record 
the intraluminal pressure continuously.!%?° More 


SIMULTANEOUS. DYNAMIC RESPONSE OF THE TWO SYSTEMS TO 10 cm. 
WATER PRESSURE 


12 waves / minute 


SIMULTANEOUS DYNAMIC RESPONSE OF THE TWO SYSTEMS TO 50 cm. 
WATER PRESSURE 


Fic. 1. Comparison of responses of two recording systems to changes in pressure and fre- 
quency. Note how the response of the sluggish balloon system ceases to be accurate when 
changes in pressure occur at rates of 10 or more per minute and how the pressure transducer 


follows the changes faithfully throughout. 


placed in the alimentary canal.!°!4-1’ These 
transducers change variations of pressure into 
variations of electric current and these, when 
suitably amplified and recorded, give an accu- 
rate determination of pressures at the transducer. 
(Fig. 1.) If open-tipped catheters or tubes are 
used, they must be kept open by continuous or 
periodic flushing. 

Few comparisons have been made in human 
beings of the patterns of motility obtained by 
means of balloons and by means of devices that 
directly record the intraluminal pressure. In 
one such study a good correlation was noted 
between the two methods when pressures in 
the stomach were recorded.'* In another study 
the pressure-detecting device recorded pressure 
only once every two seconds and considerable 
discrepancy was noted between records ob- 
tained by balloons and those obtained by the 


studies of this nature will be needed before the 
precise features of motor activity that each 
method determines can be accurately deline- 
ated. When this has been accomplished, the 
investigator will select with assurance the 
device or combination of devices most likely 
to give exact quantitative answers to the prob- 
lem he is attempting to resolve. 


CLASSIFICATION OF WAVE PATTERNS SEEN 
IN MOTILITY RECORDS 


When large balloons are used to record 
motility, the patterns of waves obtained may be 
so complex that interpretation is exceedingly 
difficult. For example, simultaneous activity 
over two or more portions of the balloon will be 
additive if the motor action is identical but may 
cancel one another if the action is in opposite 
directions; if the action is similar but out of 
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phase, a confusing complex may be recorded.°® 
Detection of the motor activity in a small por- 
tion or one segment of the alimentary canal 
simplifies the records obtained and thus aids 
in their detailed analysis.** Such pinpoint detec- 
tion may be accomplished by the use of com- 
paratively small balloons or pressure-pickup 
units. The use of a number of such balloons or 
units arranged in tandem allows an estimate 
of the degree to which the motor activity in one 
segment is transmitted to or co-ordinated with 
the activity of its neighbor.® 

Waves seen in records of motility may be 
described by their rhythmic characteristics, for 
example, the “twenty second rhythm’ of the 
antrum,”! by their size (‘‘S” for small waves, 
‘““L” for large waves)? or by the function that 
they perform, such as rhythmic segmentation or 
peristaltic waves. A functional classification of 
the patterns of waves is certainly to be preferred 
but at the present stage of knowledge we recom- 
mend a classification that does not commit the 
investigator to an interpretation of the exact 
mechanical effects of the waves seen in balloon 
or pressure records and one that may be applied 
to patterns of motility observed throughout the 
length of the gastrointestinal tract. 

, The classification that we have found. to 

fulfill these requirements most satisfactorily is 
an adaptation of that first proposed by Temple- 
ton and Lawson”* for description of the motor 
activity of the large bowels of dogs and later 
applied by Adler, Atkinson and Ivy® to motor 
studies in human beings. The waves seen in 
balloon and pressure records are simply classified 
as types I, II or III; recently, it has been neces- 
sary to add a fourth category.”*:”° The esophagus 
is the only part of the alimentary canal in which 
this terminology does not seem particularly 
appropriate or helpful. 

Type I waves are simple, monophasic waves 
of low amplitude, usually producing changes in 
pressure that vary in different portions of the 
gastrointestinal tract from 5 to 15 cm. of water. 
Their duration ranges from five to twenty 
seconds. When present rhythmically, their rate 
is the most rapid of any of the waves seen and is 
exceedingly constant and characteristic for the 
portion of the bowel in which the balloon or 
pressure unit rests. 

Type II waves are also usually simple but 
are of greater amplitude and duration than 
those of type I. Their amplitude usually ranges 
from 10 to 50 cm. of water and their duration 
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from twelve to sixty seconds. When occurring 
in a rhythmic pattern, their rate in the stomach 
is equal to that of rhythmic type I waves but 
in the large bowel their frequency of occur- 
rence, when rhythmic, is slower than that of 
type I waves and is usually about 2 waves per 
minute. 

Type III waves are complex. Their most 
important component is a change in base line 
or basal pressure, often referred to as a “‘tonus 
change.”’ Superimposed on this change of basal 
pressure are waves of types I or II. The duration 
of the change in base line pressure may range 
from a few seconds to some minutes and its 
amplitude from less than 10 cm. of water in the 
stomach and colon to 30 to 40 cm. of water in 
the small bowel. In our experience they are 
seen rather infrequently in the stomach and 
colon but are a regular component of records of 
motility in the small bowel. 

Studies on patients who have _ ulcerative 
colitis have forced the introduction of a fourth 
category, a type IV wave. This wave occurs 
only in the colon and, while it has been seen 
commonly in patients who have _ ulcerative 
colitis, it occurs rarely in fasting normal per- 
sons.”42® The classic type IV wave is a large 
simple one, simple in that no other components 
are superimposed on it. Its duration ranges 
from one to more than two minutes and the 
pressure that it develops in our balloon system 
has usually been in the neighborhood of 14 to 
15 cm. of water. Type IV waves sometimes 
occur in rhythmic sequence, and then their 
rate is 1 every two or three minutes.”4 


QUANTITATIVE ANALYSIS OF MOTILITY RECORDS 


In recent years attempts have been made to 
analyze quantitatively the records obtained 
from balloon and other recording systems.*?®?? 
A period of observation of at least one hour is 
usually necessary before a satisfactory estimate 
can be obtained. Even at slow speeds of record- 
ing, voluminous records are thus soon accu- 
mulated. It seemed imperative to us that some 
means of transposing the picture seen in these 
records to a summarized table was essential for 
progress in studies in our laboratory. We have 
tentatively adopted and are currently using the 
following procedure. The total period of ob- 
servation is first noted. The proportion of this 
period in which activity of any type is present 
in the record is determined and expressed as a 
per cent of the total time. Then, the per cent 
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of the time of observation during which waves 
of types I, II, III or IV are present is separately 
estimated. The frequency of occurrence and the 
time during which each type of wave is present 
in rhythmic pattern are determined separately. 
Finally, the height and duration. of the indi- 
vidual waves are measured. 

The objective in developing this method has 
been to enable an observer to depict the main 
features of a series of records of motility more 
accurately from a small table of numbers than 
if such records were laid lengthwise and re- 
viewed visually. Adoption of the method has 
enabled comparisons of a quantitative nature 
to be made in normal persons during control 
periods and when food or drugs were ad- 
ministered and among normal persons and 
patients who have disorders of the alimentary 
canal. Although it admittedly has shortcomings, 
it has aided in bringing to light factors that 
would have been missed if purely descriptive 
methods had been used and it has accomplished 
quantitative rather than impressionistic sum- 
marization of voluminous records. 


ESOPHAGEAL MOTILITY 


Comparison of Normal Persons and Patients Who 
Have Cardiospasm. Recent studies of esophageal 
motility have employed roentgenologic, balloon 
and pressure-detection technics. Observations 
have been made on normal persons and on 
patients who have cardiospasm and scleroderma. 
In balloon studies by Kramer and _ Ingel- 
finger,*”* a rubber condom capable of holding 
40 cc. was used.”? This was inflated in the 
esophagus to a pressure of 20 to 25 cm. of water. 
Records were obtained with the balloon held 
in place in the upper, middle and lower parts 
of the esophagus. The time of transit of the 
balloon from the upper part of the esophagus 
to the stomach was determined when it was free 
to move. The motility studied was initiated by 
the presence of the inflated balloon and not by 
swallowing. Next, the movements of the esopha- 
gus were observed roentgenoscopically when 
barium was swallowed,” and in the third study, 
a tiny electric pressure transducer was used to 
determine changes in pressure in the upper, 
middle and lower parts of the esophagus asso- 
ciated with swallowing.*® 

When the balloon was inflated in the upper 
part of the esophagus of normal persons, from 
fifteen seconds to nearly six minutes were 
required for its passage into the stomach.* The 


variability of the time required reduces the use- 
fulness of this measurement but the fact that the 
balloon did reach the stomach indicates the 
propulsive nature of the motility induced by 
its presence. When the balloon was inflated and 
then held in the upper part of the esophagus, 
the pattern of waves was irregular and char- 
acterized by excursions of small amplitude. 
When the balloon was in the mid-portion, and 
to a somewhat lesser degree when it was in the 
lower part of the esophagus, large and well 
defined waves with a regular rhythm were 
noted. The average frequency of the waves in 
the upper, middle and lower parts of the 
esophagus was 9.5, 6.5 and 8.1 waves per 
minute, respectively. Their action was definitely 
peristaltic for they moved the balloon when the 
tube was free or produced a strong tug on the 
tube when it was fixed. Roentgenoscopic 
examination disclosed coincidental rings of con- 
traction passing down over the balloon. Kramer 
and Ingelfinger suggested, and we concur, that 
these waves are produced by secondary peri- 
staltic contractions described many years ago 
by others and recognized in recent roentgeno- 
logic examination.”* These secondary peristaltic 
waves do not arise as a result of swallowing but 
as a consequence of esophageal distention. This 
may be produced, for example, by inflating a 
balloon, by the passage of large volumes of 
liquid into the esophagus with or without 
swallowing or by the production of an obstruc- 
tion within the esophagus and the accumulation 
of material and consequent distention of the 
esophagus above the site of obstruction. 

When Kramer and Ingelfinger®?* placed 
their balloon recording system in patients who 
had cardiospasm, a strikingly different picture 
was observed. The tone of the esophagus was 
greatly reduced so that twice or three times the 
amount of air passed into the balloon under the 
same pressure that was used in normal persons. 
In two of the four patients studied the pattern 
of waves was greatly decreased in amplitude. 
In the other two, strong phasic activity was 
present but the pattern was irregular and in 
none of the patients was the balloon propelled 
by the action of the waves. 

In roentgenologic studies Templeton’® re- 
affirmed the recognition of three types of waves 
in the esophagus of normal persons. He saw (1) 
primary peristaltic waves initiated by swallow- 
ing that started in the pharynx and passed over 
the entire length of the esophagus; (2) second- 
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ary peristaltic waves initiated by distention that 
started at about the level of the aortic arch and 
were capable of emptying a normally distended 
esophagus and (3) a localized group of tertiary 
contractions that were also usually initiated by 
distention but that occurred principally in the 
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ble below the level of the arch of the aorta. 
Also, properly co-ordinated, secondary peri- 
staltic waves were not seen. Instead, in all but 
two patients, purposeless, shallow, segmental 
contractions constantly appeared and disap- 
peared at different levels of the esophagus. 
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lower third of the esophagus in older persons 
and were of variable duration and of unknown 
significance. His description of the secondary 
peristaltic waves induced by distention with 
barium fits well the pattern of waves noted by 
Kramer and Ingelfinger when the esophagus 
was distended by the balloon. 

A normal primary peristaltic wave induced 
by swallowing was seldom seen in any of the 
thirty-nine patients who had cardiospasm and 
who were studied roentgenoscopically by Tem- 
pleton.?® Instead of a wave that proceeded 
through the entire length of the esophagus as it 
does normally, Templeton noted that if such a 
wave were initiated at all in the patients who 
had cardiospasm it disappeared in the upper 
portion of the esophagus and in all but three 
of the thirty-nine patients it was not recogniza- 
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| 
Fic. 2. Pressures recorded by tiny electric transducer in the mid-esophagus when a normal person 
swallowed at the point on the myographic record indicated by the arrow. Large increase and 
decrease of pressure occurred as the primary peristaltic wave induced by deglutition swept by the 
transducer. Vertical lines are one second apart. 


Sometimes, general tonic contractions pro-, 
ducing great narrowing of the esophagus ac- 
companied these undulating movements and 
forced barium into the stomach. 

In the study by Butin, Olsen, Moersch and one 
of us (C.C.),*° records were made of pressures in 
the upper, middle and lower parts of the 
esophagus when persons swallowed saliva, 
water and cookies. In a group of normal persons 
a typical and consistent pattern or complex of 
changes in esophageal pressure was observed in 
response to deglutition. (Fig. 2.) The chief 
component of this complex was a large wave of 
positive pressure that rose rapidly to a peak and 
declined with similar speed. On the average, 
this wave reached the upper, middle and lower 
parts of the esophagus 3.2, 6.3 and 9.7 seconds 
after swallowing. Its orderly progress suggested 
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that it represented the advancing, co-ordinated, 
true primary peristaltic wave. Two decisive 
differences were noticed between normal per- 
sons and patients who had cardiospasm; (1) 
swallowing usually induced either no complex 
or an abnormal response and (2) in a con- 
siderable number of the patients, waves of 
motility occurred without stimulation by swal- 
lowing. In most instances this spontaneous 
motility waxed and waned although in one 
patient the waves occurred rhythmically every 
twenty-five seconds throughout the record. 

It should be emphasized that, although the 
problem of esophageal motility was approached 
in the studies just described by means of three 
different technics, these studies produced results 
that are complementary and confirmatory. The 
primary or true peristaltic wave induced by 
swallowing and decisively delineated by Tem- 
pleton in his roentgenoscopic studies is clearly 
the chief component in the complex of positive 
pressure observed by Butin and his collabo- 
rators. The secondary peristaltic waves induced 
by Templeton in normal persons by distention 
of the eosphagus with barium were certainly 
the same as those stimulated by Kramer and 
Ingelfinger by inflation of a balloon. These 
waves were not seen in the study of pressure 
because distention was not produced. In all 
studies spontaneous waves of motility were ob- 
served in patients who had cardiospasm. These 
waves failed to propel the balloon and roent- 
genoscopically they appeared to be purposeless. 
In roentgenoscopic studies and in those of pres- 
sure, swallowing by patients who had cardio- 
spasm nearly always failed to induce a true 
primary peristaltic wave. In all investigations 
abnormal motility or abnormal responses to 
swallowing were seen in all parts of the esopha- 
gus, indicating that in this disease a defect occurs 
which extends through the entire eosphagus. 

Scleroderma. Kramer and Ingelfinger® studied 
four patients who had scleroderma. Propulsion 
of the inflated balloon through the esophagus 
was slow or absent, tone was reduced and the 
pattern of waves was absent or markedly di- 
minished. Five patients with the same disease 
examined roentgenoscopically by Lindsay, Tem- 
pleton and Rothman,*! displayed defective peri- 
staltic movement when barium was swallowed. 
When their patients swallowed barium while 
supine, it remained in the esophagus until they 
were raised into a sitting or standing position, 
at which time the bulk of the barium promptly 


passed into the stomach. No obstruction was 
apparent at the cardia, and it seemed obvious 
that the emptying of the esophagus was accom- 
plished by gravity rather than by contractions 
of its wall. When the patient swallowed while in 
the vertical position, the barium passed from 
the pharynx to the stomach without delay at 
the cardia. One patient who had scleroderma 
was observed in our laboratory by means of a 
pressure-recording device. When the patient 
swallowed repeatedly while supine, few primary 
peristaltic waves reached the lower third of the 
esophagus and those that did were of poor ampli- 
tude and obviously defective. The investigations 
suggest that a primary myogenic failure is pres- 
ent in scleroderma that results in relaxation of 
the musculature of the entire esophagus, associ- 
ated with the initiation of ineffective peristaltic 
contractions in response to swallowing. 

Studies with Methacholine Chloride. Kramer 
and Ingelfinger?® have noted an important 
pharmacologic peculiarity of patients who have 
cardiospasm. When they gave from 6 to 10 mg. 
of methacholine chloride (mecholyl chloride®) 
intramuscularly to four patients who had cardio- 
spasm, a tonic, lumen-obliterating contraction 
of the esophagus occurred within two minutes. 
The contraction counteracted a pressure of 20 
cm. of water, forcing air out of the balloon into 
the recording system. Roentgenographically, 
even a considerably dilated esophagus con- 
tracted sufficiently to contain only a thread of 
barium. The tonic contraction forced little mate- 
rial through the cardia. Instead, the esophageal 
contents, whether barium or recording balloon, 
were displaced into the upper part of the esopha- 
gus. At the time of the tonic contraction the 
patients frequently complained of substernal 
distress similar to the pain sometimes produced 
in them by the ingestion of food. In contrast, 
the normal persons or patients who had sclero- 
derma who were given the same quantities of 
the drug displayed only a slight increase in 
esophageal tone. Recent observations in our 
laboratory are confirmatory.*? An increase in 
esophageal pressure has been consistently re- 
corded from the pressure transducer in the 
esophagus when mecholyl chloride is given to 
patients who have cardiospasm. 


GASTRIC MOTILITY 


Studies with Balloons in the Pyloric Antrum of 
Normal Fasting Persons. ‘The pyloric antrum has 
been used frequently in recent studies because 
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small balloons may be conveniently localized 
there and because this region is usually more 
active than other parts of the stomach. Records 
of motility taken from the antrum show three 
types of waves. (Fig. 3.) 


PRESSURE 
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Cm./H20 


with the hunger contractions that were recorded 
originally by Cannon and Washburn** from the 
main portion of the stomach. They are peri- 
staltic in nature and their function is predomi- 
nantly propulsive. !*:*4 


Fic. 3. Types of waves observed in balloon recordings of motility from pyloric antrum of normal 
human beings. Note that the rhythmic rate of type 1 and 1m waves is identical at 3 per minute. 
The type m1 wave, composed of a rise in base line pressure on which is superimposed a burst of 
rhythmic type 1 waves, is seen infrequently in our records. 


The type I waves recorded from the antrum 
have an amplitude that is equivalent to less 
than 5 cm. of water and their duration varies 
from eighteen to twenty-two seconds.?’ They 
occur in both rhythmic and non-rhythmic pat- 
terns and when present rhythmically their rate 
is constant at 3 per minute. Their function is 
predominantly mixing in nature.”! They have 
been referred to in the literature by such names 
as “‘waves of twenty second rhythm,” “‘tonus 
rhythm” and “‘mixing waves.” 

The type II waves have the same duration 
and rhythmic rate as those of type I but they 
are always of greater amplitude, developing 
pressures that range usually from 10 to 50 cm. 
of water, although heights equivalent to 100 cm. 
have been encountered. It seems possible that 
type I and II waves arise as the result of the 
same basic stimulus, since their rate of occur- 
rence when in rhythmic sequence is identical, 
and when rhythmic, type II waves may replace 
those of type I without disturbing the pattern 
of the sequence.”’ Type II waves are identical 
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Type III waves, which are composed of a 
series of rhythmic type II waves superimposed 
on an elevation of the base line pressure, have 
been observed infrequently in our records. 

Motor activity of some type was present in 
the antrum during about 40 per cent of the 
period of observation in a study of fourteen 
normal fasting persons. During the remaining 
60 per cent of the period of observation, no 
gastric motility was noted in the records.”’ The 
active periods were composed of type I and II 
waves, type I waves being present for about 
25 per cent of the observation time and type II 
activity during 15 per cent. (Table 1.) 

Duodenal Ulcer. Records of antral motility 
obtained from small balloons in twelve patients 
who had unobstructed duodenal ulcer disclosed 
total activity present for about the same pro- 
portion of the observation time as in normal 
persons, but the distribution of the waves com- 
prising the activity was quite different. Type II 
(peristaltic) waves were present much more 
often and type I or mixing waves were seen 
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much less often.*! (Table 1.) The mean ampli- 
tude and duration of both type I and II waves 
and their rate, when rhythmic, was the same in 
the patients who had duodenal ulcer as in the 
normal persons studied previously. When mo- 
tility from the body of the stomach is recorded, 


TABLE I 
MOTILITY IN THE PYLORIC ANTRUM 


Per cent of Time 
Activity Present 


Persons Test 
Studied Conditions 


Type | Total 
II_ | Activity 


Type 


Control?? 


Normal 
Neostigmine*’ 


Control*® 


Duodenal Vagotomy** 


Ulcer 


Vagotomy + 
urecholine*® 


Banthine*® 


Control?? 


Hyperten- 
sion Sympathec- 
tomy*’ 


the patterns obtained from patients who have 
duodenal ulcer are apparently not distinctively 
different from those obtained from normal 
persons. ** 

It has been demonstrated recently that a high 
degree of correlation exists among the occur- 
rence of a rhythmic, burning, mid-epigastric 
type of ulcer pain, type II contractions as 
recorded by a small balloon in the antrum*® 
and phasic waves of pressure in the antrum and 
duodenum as recorded by open-tipped pressure 
technics.'* As might be expected, no such corre- 
lation has been found with motility as recorded 
from the body of the stomach.** 

Drugs That Inhibit Gastric Motor Activity. Cho- 
linergic blocking agents, of which atropine is 
the classic example, have long been known to 
reduce gastric motor function. The recent syn- 
thesis of substances that have the same type of 
general physiologic effect but that exhibit a 
more localized action in the stomach, has re- 


awakened interest in the physiologic and clini- 
cal use of such agents. 

Most of the compounds studied have belonged 
to the series of quaternary ammonium com- 
pounds. The first of these recently investigated 
was tetraethylammonium chloride (TEAC). All 
who have studied its action on gastric motility 
are agreed that when it is administered intra- 
venously it causes a prompt and complete ces- 
sation of all gastric motor activity for something 
less than one hour.**~4! The short period of 
action of the drug and its pronounced circula- 
tory effects have limited its clinical usefulness. 
The first compound of the group to receive 
extensive clinical trial was methantheline bro- 
mide, hereinafter referred to as banthine® bro- 
mide.** This drug when given intravenously or 
orally, has been found to inhibit or produce 
complete cessation of waves of gastric contrac- 
tion as recorded by intragastric balloons.‘?~*4 
Roentgenoscopic studies have shown that it also 
delays the emptying time of the stomach.* 
When banthine bromide was given orally to 
patients who had duodenal ulcer, the total 
amount of motor activity in the antrum was 
reduced but the main change it produced was 
a reduction in the incidence of type II waves. 
(Table 1.) Coincidental with the disappearance 
of or reduction in the type II waves, disappear- 
ance of intermittent epigastric pain was noted.*° 
All studies are in essential agreement. The drug 
definitely inhibits or abolishes type II contrac- 
tions. The reduction of these waves, since they 
are peristaltic, accounts for the slow gastric 
emptying time noted in roentgenologic studies. 

Hexamethylene-1: 6-bistrimethylammonium 
diiodide (hexamethonium iodide®) is the most 
recent member of this series of compounds to 
be studied in human beings. When given intra- 
muscularly, it has produced complete inhibition 
of gastric motility as recorded by balloon kymog- 
raphy in patients who have duodenal ulcer. *® 

Vagotomy. Most of the studies on the effect of 
resection of the vagus nerves on gastric motility 
have been made in patients who have duodenal 
ulcer. All studies that employ balloon methods 
are in agreement that resection of the vagus 
nerves is followed by a period of gastric hypo- 
motility.47~-*4 The type of wave most frequently 
absent or present in reduced numbers in balloon 
records of motility has been the peristaltic type 
II wave*®47.49.59.54 and this has. been verified by 
observations with pressure-recording devices.'” 
In a detailed study of records from the antrum 
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it was shown that the total amount of activity 
in patients who have duodenal ulcer is only 
moderately reduced by vagotomy but a striking 
change occurs in the distribution of the waves.*® 
Vagotomy increased the incidence of type I 
waves from 8 to 21 per cent of the observation 
time. This was equivalent to restoration of the 
normal amount of this type of activity. The 
type II waves, on the other hand, were strikingly 
reduced, decreasing in incidence from an aver- 
age of 26 per cent of the observation time in 
patients who had duodenal ulcer without vagot- 
omy to 6 per cent after the operation. (Table 1.) 

Roentgenoscopic examinations uniformly have 
revealed reduced tone, loss of peristaltic con- 
tractions and prolonged emptying time in the 
stomach immediately after operation.*® Thus 
complete agreement exists between balloon and 
roentgenoscopic studies. The reduction of peri- 
staltic type II waves concerned with the empty- 
ing of the stomach noted in the records obtained 
by means of a balloon correlates well with the 
delayed emptying time and retention of con- 
tents of the stomach seen roentgenoscopically. 
Some studies made three to nine months after 
operation have shown a return toward normal 
motor activity.*%°955.56 The exact sequence of 
this recovery has not been established and the 
results of other investigators. have indicated a 
more prolonged period of disordered motility.** 
The difference may be related to the technic of 
the operative procedure but further clarification 
is needed. 

Drugs Employed to Counteract the Inhibitory Ef- 
fects of Vagotomy. Cholinergic drugs have been 
found most effective in counteracting postvagot- 
omy gastric hypomotility. Of these, urethane of 
beta methylcholine chloride (urecholine®) and 
carbaminoylcholine chloride (doryl®) have been 
the most satisfactory.**:*457 Urecholine has been 
used most often. Under its action, whether ad- 
ministered orally, sublingually or parenterally, 
the quiescent state of the stomach after vagot- 
omy has been changed to one of decided activity 
in which peristaltic type Il waves have been 
recognized in both balloon and roentgenoscopic 
studies.*?57 In a detailed study of antral gastric 
motility in vagotomized patients, the amount of 
activity seen in the records was increased from 
27 per cent of the total period of observation in 
vagotomized patients who did not receive ure- 
choline to 59 per cent when the drug was given.*® 
At the same time the type II or peristaltic 
waves showed an increased incidence of 6 to 
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22 per cent. (Table 1.) Mecholyl chloride has 
been found less effective than either doryl or 
urecholine. 

Drugs such as neostigmine, which affect the 
cholinergic system by inhibition of cholinester- 
ase, have been shown to have little or no effect 
on motility of the normal®’ or vagotomized 
stomach. 5-53.58 (Table 1.) 

Sympathectomy. ‘Three studies have been car- 
ried out concerning the effect of bilateral 
splanchnic section associated with varying de- 
grees of resection of the thoracolumbar sympa- 
thetic chains. In one study on two patients an 
increase in the duration of periods of gastric 
motor activity and in the number and ampli- 
tude of the contractions was observed. This was 
associated with more rapid emptying of the 
stomach.®® In the other two series, which in- 
cluded observations in six cases in one®® and in 
ten in the other,*” no change in gastric motor 
activity was observed after operation. In one of 
these studies*” observations were made on ten 
patients after sympathectomy, nine of whom 
underwent the operation because of severe essen- 
tial hypertension. A control study was made on 
seven patients who had the same disease but 
did not undergo sympathectomy. No significant 
difference was noted between the motility in the 
control patients and in those who were operated 
on. It is interesting, however, that the total 
amount of activity present in the hypertensive 
patients was somewhat greater than in normal 
persons. (Table 1.) Both the control patients 
and those who had sympathectomy displayed a 
greater amount of type II or peristaltic activity 
than is seen normally. 


MOTILITY OF THE SMALL BOWEL 


Normal Pattern. A great many different de- 
scriptive terms have been applied to the motor 
activity of the small bowel as seen directly by 
roentgenoscopy and as recorded by balloons or 
pressure-pickup units. The waves of motility re- 
corded from the small bowel by balloon?”:*! and 
pressure-pickup units!® may be divided into type 
I and type III waves. (Fig. 4.) 

As elsewhere in the gastrointestinal tract, the 
type I wave is a small, simple wave. Its ampli- 
tude in the small bowel represents a pressure of 
about 5 to 15 cm. of water, depending on the 
region from which the record is taken. The du- 
ration of the waves varies from 2.5 to 7.5 sec- 
onds.*! When occurring in rhythmic sequence, 
their mean frequency ranges from 11 to 7 per 
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minute. /%6!,62 We regard these type I waves as 
identical to those which have been referred to 
as “small (S) waves”?* and as ‘“‘segmental, ring- 
like contractions having a nonpropulsive action 
in the bowel.’?® When are ap- 


the change in base line pressure. The mean du- 
ration of type III waves ranges from about one 
half to five minutes and their amplitude ranges 
from 8 to 35 cm. of water.*! These waves have 
been referred to as “large (L) waves,””® “tal] 
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Fic. 4. Motility of the small bowel. A, balloon recording. At left is the usual pattern of 
irregular changes in the base line pressure (type m1 waves), with irregular type 1 waves 
superimposed. To the right is a spontaneous and more pronounced rise in base line 
pressure (type m1 wave), with a burst of type 1 waves in rhythmic sequence super- 
imposed, followed by a quiescent period. This latter complex does not occur fre- 
quently. B, tandem balloon and electric transducer recordings of ileal motility. Type 1 
and type 11 waves are present. Note spontaneous and pronounced type lI wave in 
mid-section of record, with burst of rhythmic type 1 waves superimposed. Rhythmic 
rate of type 1 waves in this region of small bowel is slower than that of duodenum. 


parently identical to the rhythmic segmentation 
seen so clearly in animals. * 

Type III waves in the small bowel, as else- 
where in the gastrointestinal tract, are complex. 
In the small bowel they are composed of a 
change in base line pressure on which is super- 
imposed type I waves. The component that we 
designate and measure as the type III wave is 


99 


waves with a broad base,” ‘“‘propulsive peri- 
staltic contractions””* or “‘tonus waves.’’®! 

In the small bowel the function of the type I 
wave is predominantly mixing, while that of the 
type III wave is predominantly peristaltic or 
propulsive.” Classic type II waves have not 
been seen in recordings of activity of the small 
bowel made in our laboratory.*! 


AMERICAN JOURNAL OF MEDICINE 


A 
Cm. HeO 
yy NN 
GAUDAD BALLOON | 
| 
a, 


Motility of the Alimentary Canal in Man—Code et al. 


Under normal circumstances, the small bowel 
shows much more continuous activity than is 
evident in the stomach or colon. For example, 
in a group of normal persons tested after an 
overnight fast, the upper part of the small bowel 
was active for 62 per cent of the total observation 
time.*! Under similar circumstances, the pyloric 
antrum is active only about 40 per cent of the 
time and the colon for even less.** (Table 1.) In 
the small bowel, as in the stomach, type I waves 
normally account for the major portion of the 
total activity.*! 

Many of the important recent additions to 
knowledge of motor activity of the small bowel 
in conditions of health and disease have been 
made by Ingelfinger and his 

Sleep. Although many early investigators 
were of the opinion that sleep had little effect 
on motility of the alimentary canal, it has been 
shown recently in man that motor activity of 
the small bowel is usually depressed by sleep. 
For example, in less than five minutes after 
falling asleep, twelve of sixteen persons had a 
decided reduction in motor activity of the small 
bowel.®* The changes in the pattern of motility, 
however, were not constant. For example, type I 
waves sometimes decreased in amplitude or fre- 
quency and sometimes disappeared entirely. 
When type III or large propulsive waves were 
present in the control period they almost always 
disappeared during sleep. It is clear that sleep 
should be avoided in studies designed to deter- 
mine the effects of experimental procedures, 
drugs or disease on the motor activity of the 
small bowel and some evidence exists that the 
same precaution should be taken in similar 
studies on the large bowel.® 

Nausea. Ingelfinger and Moss® have studied 
the influence of nausea on the motility of the 
duodenum in man. Nausea without vomiting 
was induced by caloric stimulation of the laby- 
rinth or by the administration of morphine 
sulfate. Motility was recorded from the duode- 
num by a system of tandem balloons. In eighteen 
tests in which nausea occurred, the descending 
duodenum underwent a generalized contraction 
or ‘‘spasm’’ simultaneously with the onset of 
nausea and often expelled the balloons into the 
stomach. Pronounced nausea was characterized 
by complete obliteration of the duodenal lumen 
when viewed roentgenographically. The pub- 
lished recordings from the balloons show a pro- 
nounced rise in base line pressure, sometimes to 
the point of complete emptying of the balloon. 
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The records also indicate that when the balloons 
were not emptied or expelled into the stomach, 
the characteristic change was that of a rise in 
base line pressure, on which rhythmic type I 
waves were superimposed. This type of complex 
has often been recorded from the small bowel in 
our laboratory. We have classified the change in 
base line pressure as a type III wave. 

Abbott, Mack and Wolf® have made a further 
study of the relation of this sustained type of 
contraction of the duodenum to nausea and 
vomiting. As judged from their illustrations, 
their balloon system was not emptied by the 
spasm and their records all show a clear-cut 
type III elevation in: base line pressure, on 
which rhythmic type I waves are superimposed. 
Although the duodenal contraction often caused 
a reflux of the balloons back into the stomach in 
their tests, as it had in those of Ingelfinger and 
Moss, both groups of workers were satisfied that 
it did not represent true reverse peristalsis. 
Using caloric vestibular stimulation, Abbott, 
Mack and Wolf noted that, while the complex 
was often associated with nausea, three persons 
experienced nausea without this type of con- 
traction and when ipecac was given no corre- 
lation was present between nausea and the 
appearance of the complex. Some persons dis- 
played duodenal spasm during distressful or 
painful mental and physical situations. The 
correlation, however, was not particularly high, 
since five persons experiencing pain had no 
duodenal spasm, yet spontaneous duodenal 
spasm was observed on twelve occasions. The 
authors concluded that although sustained con- 
traction of the duodenum is characteristic of 
nausea it is not necessarily associated with it 
and may occur after a variety of distressing but 
not necessarily nauseating stimuli. A similar, if 
not identical, type of duodenal complex was 
observed by Abbott and Pendergrass® after the 
administration of morphine. The same complex 
has been noted in our laboratory under a variety 
of normal circumstances during which patients 
were experiencing neither nauseating nor dis- 
tressing mental or physical stimulation.®! (Fig. 
4.) Under all of these circumstances, a type III 
contraction (duodenal spasm) was associated 
with a burst of rhythmic type I waves. The du- 
ration and amplitude of the type III component 
were usually not so great as when morphine was 
given or nausea induced. The physiologic basis 
for the association of a burst of rhythmic type 
I waves with a type III conductor is unknown. 
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Obstruction. Balloon kymographic studies by 
Ingelfinger and Abbott?? have shown that as a 
recording balloon approaches an obstruction in 
the small bowel it registers increasing tone, a 
gradual disappearance of type I waves and an 
increase in the frequency and amplitude of type 
III waves; immediately proximal to the site of 
the obstruction, in the decompensated segment 
of the bowel, all activity ceases. 

Direct determinations of intraluminal pres- 
sure have been made during surgical operations 
in patients who had intestinal obstruction, by 
the insertion into the bowel of a large needle 
connected to a water manometer. In five cases 
in which obstruction of the small bowel was 
present, sustained pressures ranging from 4 to 
18 cm. of water were recorded. During peri- 
staltic waves this pressure increased up to 30 
cm. of water.*® 

The studies suggest that frequent, powerful, 
type III peristaltic waves occur in the small 
bowel in response to distention. Tests employ- 
ing this reaction to distention might be useful 
in the elucidation of the mechanisms of a dis- 
ordered bowel. 

Sprue. Ingelfinger and Moss*® have carried 
out repeated kymographic balloon studies of 
motor activity of the small bowel in two pa- 
tients, one of whom had tropical and the other 
non-tropical sprue. In both cases the bowel 
offered much less resistance to increases of vol- 
ume in the balloon than was noted normally. 
Before treatment was instituted, large type III 
or propulsive waves were not seen in either case. 
Type I, non-propulsive (S) waves were present 
and occurred with a normal frequency of 12 per 
minute, but their amplitude was diminished. 
The rate at which the balloon was moved along 
the small intestine was only slightly slower than 
usual and its transit occurred even during 
periods when type III (L) waves were absent. 
In both cases, a tendency was present for the 
recording to return toward a normal appearance 
after weeks or months of therapy. 

Two patients who had non-tropical sprue 
were studied recently in our laboratory. In both 
patients reduced amplitude of the non-propul- 
sive type I waves was noted, with preservation 
of their usual rate of occurrence when in rhyth- 
mic sequence. Type III waves were also present 
although they, too, were of less amplitude than 
usual. 

The absence or reduction of propulsive type 
III activity offers an explanation for the delay 


in transit of barium through the small intestines 
in patients who have sprue.’°-”* The diminution 
in both type I and III activity may be related 
to the altered absorption of liquid from the 
bowel of such patients when digestion is in 
progress.’* Up to the present, however, no evi- 
dence exists of a direct correlation between any 
of the forms of waves seen in studies of motility 
and absorption from the gastrointestinal tract. 
Such studies should be profitable and are 
needed. 

Acute Dysentery. Roentgenoscopic determi- 
nations of the time of transit of barium through 
the small bowel have been made in fourteen 
patients who had acute bacillary dysentery. A 
definite delay was noted in nine patients, in 
spite of the fact that many continued to have 
frequent bowel movements during the exami- 
nation.”4 The finding of hypopropulsion in the 
small bowel in a diarrheal state should prompt 
a search for the precise type of motor function 
that is disturbed in this condition. 

Action of Drugs. Placebos: It has been shown 
that propulsive type III waves and the total 
activity in the small bowel may decrease as 
much as 32 and 24 per cent, respectively, after 
the administration of placebos.’® 

Inhibitors: Both atropine and tincture of bella- 
donna given orally have been shown to inhibit 
the motility of the small bowel. They produce 
a reduction in the total activity and in the inci- 
dence of propulsive type III waves.’® 

All of the recently synthesized quaternary 
amines that have been tested on the bowel have 
been found to be effective inhibitors. The first 
of these, tetraethylammonium chloride (TEAC), 
usually eliminates temporarily all types of motor 
activity in the small bowel.7’—’® Banthine bro- 
mide also inhibits duodenal motor activity.** 
Roentgenoscopic tests have shown that its ad- 
ministration likewise delays the time of transit 
of barium through the small intestine.**:”? 

Stzmulators: Balloon and roentgenoscopic stud- 
ies have demonstrated that neostigmine®® and 
urecholine’?:*° are effective stimulators of motor 
activity of the small bowel. In one study, neo- 
stigmine was found to increase the incidence and 
amplitude of type III propulsive contractions.”* 

Morphine: All are agreed that morphine di- 
minishes the time of transit of material through 
the small bowel but its action is complex, for it 
generally causes an increase of tone®*:*! that 
may be spasmodic,®? together with an increase 
in the amplitude of non-propulsive waves. How- 
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ever, it always produces a pronounced decrease 
in propulsive type III contractions.**:*!:8? The 
suggestion has been made that it has an un-co- 
ordinating effect on the motor function of the 
bowel so that propulsion is less likely to occur.”"*! 
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irregular or rhythmic patterns. (Fig. 5.) They 
appear in records made by both balloon and 
pressure-pickup systems and, with the balloons 
used in our laboratory, their dimensions are 
identical in the two types of recordings.'°?° In 


TABLE Il 
TYPES OF GASTROINTESTINAL MOTILITY IN FASTING NORMAL HUMAN BEINGS (MEAN VALUES) 


Type I 


| 


Type II Type III* | 


Portion of Rate 
Gastrointestinal per 
Tract Minute 
When 
Rhyth- 


mic 


Rate 
per Ampli- 
Minute | tude, 
When | cm. of 
Rhyth- | Water 
mic 


Stomach: 


2 
3 
3 


Small Bowel: | 
Upper part... | 11 
Lower part...) .. 7 

Pelvic Colon... 13 


* Rhythmic rate was not recorded. 


Type IV waves have occurred so infrequently in normal individuals that their characteristics cannot be reported 


accurately at present. 


Ineffective Agents: Most of the so-called anti- 
spasmodics, such as amprotropine phosphate 
(syntropan®), 2-diethylaminoethy] 9-fluorenecar- 
boxylate hydrochloride (pavatrine hydrochlo- 
ride®), diethylamino ethyl! pheny] thienyl acetate 
(asymatrine®) and 2-diethylaminoethy] diphenyl- 
acetate hydrochloride (trasentine hydrochlo- 
ride®), when given in the recommended dosages, 
have not produced greater alterations in the 
motility of the small bowel than those that are 
often seen after administration of placebos. **:*4 


MOTILITY OF LARGE BOWEL 


Normal Pattern. (Table u.) The most com- 
plex patterns of waves encountered in balloon 
recordings of motor activity are obtained from 
the colon. The classification presented here has 
been tentatively adopted in our laboratory. 
Modification is clearly envisaged as correlations 
with roentgenographic observations and physio- 
logic functions are established. Classification on 
a functional basis with a more appropriate 
nomenclature should be possible later. 

Type I Waves: General agreement exists that 
type I waves are simple and small and occur in 
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the pelvic colon, their mean duration is five 
seconds and their mean pressure is about 5 cm. 
of water.!%?4 When such waves are recorded 
higher in the colon, they usually last longer and 
are of greater amplitude. Their duration, how- 
ever, seldom exceeds twelve seconds and their 
amplitude is usually not more than 12 cm. of 
water. When rhythmic, their rate in the pelvic 
colon is about 13 per minute,** whereas in the 
descending colon it may range from 3 to 8 
per minute® with a mean of 6 per minute.’® 
Throughout the colon type I waves often occur 
as one component of a type III complex. How- 
ever, they are not seen frequently in recordings 
from the lowest parts of the large bowel and in 
this respect they differ from their cousins in the 
small bowel. For example, in the rectosigmoid 
of a group of fasting normal individuals these 
waves occurred during only about 1 per cent of 
the total time of observation,?* while under 
similar circumstances in the small bowel they 
were present for about 60 per cent of the time.* 
All are agreed that these waves are non-propul- 
sive.® 24,25 As far as we Can ascertain, these waves 
have never been recognized by direct observa- 


| 
| | 
| | 
‘ 
| | | | | | Total 
p | Activ- 
| Ampli- | Dura-| * | Dura- $6 | Ampli- | Dura- | __ ity, 
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tion or by roentgenoscopic examination of the 
human colon. 

Type II Waves: The type II wave that is 
most readily recognizable in recordings of co- 
lonic motility is also simple but of much greater 
dimensions than the type I. (Fig. 5.) It is usu- 
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BALLOON IN PELVIC COLON | 


Fic. 5. Balloon recordings from pelvic colon of normal 
persons. Vertical lines are one minute apart. A, type I 
waves; B, type 11 waves; C, type m1 waves. (Composite 
of illustrations from Spriggs, E. A., Code, C. F., 
Bargen, J. A., Curtiss, R. K. and Hightower, N. C., Jr. 
Reproduced with kind permission of the editor of 
Gastroenterology.) 


ally shown in its simple form in published illus- 
trations. Examples are Figure 2d and e of Adler 
and associates,* Figure 2 of Spriggs and co- 
workers*‘ and Figure 1 (top tracing) of Kern 
and associates.”> However, in the classic paper 
of Adler, Atkinson and Ivy,® the type II wave 
was described and represented schematically as 
a rapid rise and fall of base line pressure with 
superimposed type I contractions giving the 
appearance of what we term the “Christmas 
tree wave.” This type of wave is seen particu- 
larly in records showing pronounced activity. 
Under such circumstances this mixed type II 
wave, if it does represent a true type II wave, 
may be exceedingly difficult to differentiate 
from a short type III wave. The difficulty has 
not been resolved and it remains one of the 
problems to be dealt with when making detailed 
analyses of records. 

Type II waves from the lower portions of the 
colon have been studied in detail in our labora- 
tory. Their average duration has ranged from 
about twenty-five to thirty seconds.!°*4 Their 


mean amplitudes in the rectosigmoid in two 
studies have been 6.5 and 9.7 cm. of water, 
though waves developing pressures up to 50 cm. 
of water have been encountered. In the descend- 
ing colon, the pressures recorded by type ITI con- 
tractions are on the average about twice those 
recorded in the pelvic colon.'® The exact dimen- 
sions of the waves from other regions of the colon 
have not been reported. 

Type II waves comprise the major activity 
seen in records from the pelvic colon.** In this 
region they often occur as bursts during which 
they sometimes assume a rhythmic pattern of 
about 2 waves per minute.”4 

The pelvic colon of normal fasting persons 
shows some form of activity about 36 per cent 
of the time and nearly all of this is composed of 
type II activity.” Apart from the occurrence of 
mass movements, some indication is present that 
the total amount of activity in the colon may be 
increased by feeding®*> but detailed analyses of 
records of colonic motility obtained during fast- 
ing and then after eating are not available. 

Our present view is that type II contractions 
are the cause of the constrictions in the large 
bowel that produce the haustra seen by the 
radiologist. They probably also caused the haus- 
tral contractions traced by Schwarz*® on serial 
roentgenograms of the large bowel. The con- 
tractions he traced occurred in all parts of the 
large intestine but were most powerful in the 
proximal portions. We have noted that the am- 
plitude of the type II contraction is greater in 
the descending than the pelvic colon. These con- 
tractions noted by Schwarz were also studied by 
Barclay*’ by means of roentgenocinematography 
and his work again points to the similarity be- 
tween hustral contractions and type II waves. 

Recently, contractions of a similar nature 
have been observed directly by Grace, Wolf 
and Wolff*® in exposed segments of the large 
bowel of unanesthetized human beings. The 
contractions were described as localized, circu- 
lar or annular constrictions usually involving 
less than 25 mm. of the exposed segment of 
colon. The circular constriction often divided 
the exposed bowel into separate segments but it 
was not described as progressing over the ex- 
posed segment and the authors were of the 
opinion that groups of such contractions would 
be manifest in roentgenograms as haustrations. 
Neither radiologists nor those who have viewed 
these contractions directly have defined their 
precise temporal characteristics; general de- 
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scriptions, however, fit closely the pattern of 
type II waves seen in balloon and pressure 
recordings. 

Radiologists have demonstrated that the haus- 
tral contractions are not propulsive peristaltic 
waves. Barclay, using pills of bismuth, has 
clearly shown that haustral contractions move 
colonic contents from side to side and backward 
and forward over short distances in the colon 
but are not concerned particularly with moving 
the contents analward; rather, their function is 
that of mixing and turning the contents over. 
The action of type II waves, as recorded by 
balloon and pressure systems, suggests that they 
have precisely this function.”*?> These classic 
type II or haustral contractions, therefore, seem 
to be performing a somewhat similar function 
to segmentation as observed in the small bowel. 

Adler, Atkinson and Ivy,® in their original 
application of the classification of type I, II and 
III colonic waves to human beings, stated that 
some type II waves resulted in propulsion of 
fecal material and some did not. They stated 
that type II contractions of low amplitude were 
non-propulsive in nature and were not perceived 
by the persons being studied. In this and a later 
paper,’ they developed the concept of co-ordi- 
nation between the motility of adjacent seg- 
ments of bowel. They suggested that if, for 
example, a type II contraction occurred in a 
proximal segment and was followed or inte- 
grated with a similar contraction in the distal 
segment, propulsion of material would occur. 
They observed this type of activity about 5 per 
cent of the time in persons who had recently 
been fed. If a type II contraction in the proximal 
segment was not integrated or co-ordinated but 
was disorganized in relation to the distal seg- 
ment, no propulsion would take place. This was 
found to be the most common type of activity 
present in their records of normal persons. Their 
paper, however, does not include illustrations of 
records in which this type of progressive and co- 
ordinated segmental activity is shown. 

In a study in our laboratory in which a sys- 
tem of tandem balloons was used, this concept 
of co-ordinated type II contractions was adopted 
and the type II waves that were observed were 
divided into either co-ordinated or un-co-ordi- 
nated contractions, depending on the time of 
occurrence of the waves in the consecutive 
segments of the bowel in which the balloons 
rested.8® Although this concept may be quite 
correct, for the time being at least its use has 
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been discontinued in our laboratory because it 
was found on re-examination of the records that 
the waves which had been tabulated as co- 
ordinated type II contractions occurred simul- 
taneously in both balloons of the tandem system 
as in Figure 2 of McMahon, Sauer, Bargen and 
one of us (C. F. C.).8® These waves, therefore, 
could not represent a haustral contraction that 
had been initiated in the proximal segment and 
had then passed to the distal segment but must 
have been due to simultaneous activity in both 
segments. Later, this was brought out clearly in 
a study of normal persons and patients who had 
ulcerative colitis. It then became apparent 
that the contractions tabulated as co-ordinated 
type II waves most likely represented a different 
type of activity. Therefore, such waves have 
been separated into a fourth category. It is possi- 
ble that some or most of the propulsive, co- 
ordinated, type II waves in the records of Adler, 
Atkinson and Ivy also belong in this fourth type. 
Even if this were true, we do not consider that 
the concept of co-ordinated activity of type II 
waves should be abandoned. 

Our studies have been directed mainly to 
activity in the lower part of the colon. Con- 
secutive type II contractions occurring first in 
a proximal segment and then in the adjacent 
distal segment may constitute an important type 
of activity in other portions of the colon and 
under circumstances we have not studied. Sta- 
tistically, such action is bound to occur a cer- 
tain number of times just by chance and the 
possibility of its purposeful occurrence should 
always be borne in mind during analyses of 
balloon or pressure records. 

Type III Waves: The description we employ 
of this wave is precisely that given by Adler, 
Atkinson and Ivy.® It is a complex pattern of 
waves composed of a change in base line pres- 
sure or a change in tonus on which are super- 
imposed type I or type II waves or both. (Fig. 
5.) In our experience, their duration usually 
ranges from about one to four minutes. How- 
ever, they have not been frequent or conspicuous 
in records obtained from the lower part of the 
colon in our laboratory.'°?4 In one group of 
fasting normal persons, they were present about 
2 per cent of the time of observation in records 
obtained from the pelvic colon.”4 

In detailed analyses of records of colonic 
motility, the height and duration of the change 
in base line pressure have been measured and 
recorded as the type III wave. The super- 
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imposed components have been considered sepa- 
rately in their appropriate categories. In normal 
persons, the pressure developed by type III 
waves has usually amounted only to about 3 to 
5 cm. of water in the pelvic colon and to 8 to 
10 cm. of water in the descending colon. The 
duration of type III waves is usually a matter 
of minutes.!%4 

The type III wave has not been seen appar- 
ently by radiologists. At least no adequate de- 
scription of it has been found in the radiologic 
literature. The small amount and slow rate of 
change of pressure associated with this wave 
would render it almost imperceptible by roent- 
genoscopic or even serial roentgenographic ex- 
amination. Its function is not established though 
all are agreed that it is not peristaltic.*** The 
prolonged duration of the type III wave sug- 
gests that it may have something to do with 
absorption, possibly aiding it by increasing the 
hydrostatic pressure within the gut.*° Little other 
evidence supports such a hypothesis except the 
finding that this wave does not seem to be associ- 
ated with propulsion and it obviously is not a 
mixing wave. 

Type IV Waves: Studies by means of balloon 
and pressure recording technics in patients who 
have ulcerative colitis have forced the inclusion 
of a fourth category of wave recorded from the 
colon.”*?> In records from the descending*! and 
the pelvic colon of patients who had this dis- 
ease, large, smooth waves apparently produced 
by a single component were often seen. The only 
other waves of simple composition that we were 
accustomed to encounter in records of colonic 
motor activity were types I and II, yet the 
waves seen commonly in records obtained from 
patients who had ulcerative colitis produced on 
the average more than twice as much pressure 
as type I or type II waves, and their duration, 
instead of being a matter of seconds, was cus- 
tomarily two or more minutes. Also, when in 
rhythmic sequence, they did not have the fre- 
quency of 13 per minute of type I waves or of 
2 per minute of the type II waves, but they 
occurred at a rate of about 1 wave every two 
or more minutes. Finally, in patients who had 
ulcerative colitis, these waves were often associ- 
ated with a feeling of fullness in the rectum, a 
desire to defecate or the passage of fecal material. 
They were definitely propulsive in nature. They 
were, therefore, designated separately as type 
IV waves. 

It seems most probable that waves previously 
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classified in our laboratory as co-ordinated type 
II waves®®*! were indeed type IV waves. When 
stimulated by neostigmine, these waves ap- 
peared in a rhythmic pattern, “neostigmine 
rhythm,” at a rate of 1 per two minutes.** The 
waves from each balloon of a tandem system 
occurred simultaneously in the records and they 
must have represented the rhythmic contraction 
of a portion of the bowel at least 12 to 14 cm. 
long. (Fig. 6.) Roentgenoscopic studies of this 
rhythmic activity are needed. 

The disappearance of other forms of waves in 
the presence of the type IV wave, its definite 
propulsive action and its dimensions, clearly 
associate it with the mass movement of the colon 
noted many years ago by radiologists. This type 
of activity in the large bowel was first decisively 
described by Holzknecht in 1909.°? He saw the 
movement in only 2 of more than 1,000 roent- 
genologic examinations of the colon. He recog- 
nized that during the contraction the haustra 
disappeared, and the colon assumed a smooth, 
sausage-like outline over a considerable distance; 
this was followed by the rapid transport of the 
contents of the affected portion into a more distal 
section of the colon. He noted that the actual 
transport of material was accomplished in a few 
seconds. He suggested that in normal persons 
only three or four such movements occurred in a 
day. His observations were verified by Barclay** 
and extended by Hurst and Newton,*4 who 
showed that the mass movement was most often 
associated with the taking of food. The original 
concept of the contraction was that it repre- 
sented a peristaltic wave sweeping through a 
segment of the bowel.*?:*4:°° Studies with tandem 
balloons indicate that this is not the case. Con- 
traction of the affected portion of the bowel 
occurs, for all practical purposes, simultaneously 
throughout its length. (Fig. 6.) A number of 
segments are involved. In most recordings a 
rapid upsweep of pressure is noted, after which 
a slower decline of pressure takes place. The 
latter limb of the wave represents its main tem- 
poral component. (Fig. 6.) It seems likely that 
the movement of colonic contents occurs during 
the rapid upsweep of pressure. This would ac- 
count for the sudden transport of material seen 
roentgenoscopically. Once the bowel is emp- 
tied, its relaxation might not be evident roent- 
genoscopically and if slow, as in the pelvic colon, 
it would account for the gradual decline in 
pressure in a balloon lying in the affected 
segment. 
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During direct observation of exposed seg- 
ments of human colon, Grace, Wolf and Wolff*® 
have seen motor activity that likely represents 
type IV contractions. They have observed a 
generalized constriction and shortening up to 
50 per cent in the length of exposed segments of 
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Pain was induced by placing the subject’s hand 
in ice water (cold pain) or by tightening multiple 
screws held by a special device around and 
across the top of the subject’s head (head pain). 
Emotional reactions, without physical stimu- 
lation, were induced by discussion of life situ- 
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Fic. 6. Type tv waves occurring every five minutes in the transverse colon and detected by a system 
of tandem balloons. These waves were formerly classified as coordinated type 11-waves. Note, how- 
ever, simultaneous occurrence in both balloons, indicating contractions are not propagated peristaltic 
waves but mass movements involving a number of segments simultaneously. 


large bowel, causing the affected portion to 
assume a tubular shape without superimposed 
annular contractions. This type of activity was 
seen to occur during defecation. 

It appears evident, therefore, that type IV 
waves represent classic mass movements in the 
human colon. They occur so infrequently in 
normal persons during the course of a day that 
they are generally missed, even during pro- 
longed periods of observation. They deserve fur- 
ther study, particularly regarding their possible 
relation to the co-ordinated type II activity de- 
scribed by Adler, Atkinson and Ivy.* The de- 
velopment of methods that will stimulate their 
occurrence in’the ‘normal colon would aid such 
studies. 

Emotion. Almy and his associates** carried 
out a series of investigations concerning the 
effect of emotion on motor and other functions 
of the large bowel in normal persons and in 
patients who had spastic constipation and func- 
tional diarrhea. Motor activity in the pelvic 
colon was observed directly through the procto- 
scope or studied by means of balloons placed 
through the proctoscope in the pelvic colon. 
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ations known to evoke emotional conflicts in the 
individual. 

Proctoscopic examination disclosed that cold 
pain and head pain increased the contractions 
of the colon in seven healthy medical students.*® 
A more extensive study of healthy persons by 
means of balloon kymographic recording meth- 


.ods, demonstrated that considerable increase in 


the contractile state of the pelvic colon occurred 
in only about half of the tests in which pain was 
induced by cold or by compression of the head 
or in which troublesome life situations were dis- 
cussed.*? In each of these positive tests, the in- 
creased motility of the colon was associated with 
a generalized physical and emotional reaction 
which indicated that the individual was under 
stress. In the remainder of the tests, activity in 
the pelvic colon did not change and in only 
two of these instances did signs of a general re- 
action to stress develop. Similar results were ob- 
tained in patients who had spastic constipation.°** 

Rather different responses were obtained in 
patients who had irritable colon (functional 
diarrhea), eight of whom had diarrhea alone, 
seven constipation alone and three alternating 
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constipation and diarrhea.*® During the control 
period, the tracings showed a steady pattern of 
complex waves. This is unusual in our experi- 
ence, since activity is not often continuous in 
the lower part of the colon. During the dis- 
cussion of emotionally charged topics, two dis- 
tinct and opposite alterations in motility were 
seen. The first, which occurred in many of the 
patients, was represented by an increase of tonc 
and an increase in the frequency and amplitude 
of the contractions of the pelvic colon. This 
pattern was usually associated with an emo- 
tional reaction of hostility and aggression. The 
second, which all patients showed at some time, 
was represented by a sudden diminution or 
disappearance of wave-like contractions, often 
associated with a decrease in tone. This change 
appeared suddenly in association with the de- 
velopment of an attitude of hopelessness, per- 
sonal inadequacy or self-reproach. 

It is difficult to tell from the records pub- 
lished in this series of papers which type or types 
of waves of motility were stimulated by the 
stressful situations. In one series of records®® a 
burst of rhythmic type II waves appears to have 
been stimulated by an emotional dilemma in 
the patient. 

Some of the results of Almy and his associ- 
ates have been confirmed by Grace, Wolf and 
Wolff.**:10° These workers found in two patients 
who had exposed portions of the colon that the 
occurrence or discussion of life situations that 
produced emotional conflicts involving pro- 
nounced feelings of anger, anxiety, apprehen- 
sion, resentment, hostility or guilt, were associ- 
ated with increased motor activity of the exposed 
colon and secondly, that situations provocative 
of abject fear, fright or dejection were associ- 
ated with hypofunction of the colon, illustrated 
by relaxation and a lack of contractile activity. 

No quantitative analysis of the records has 
been presented in any of these studies. The inci- 
dence of increased activity occurring spontane- 
ously or of reduced activity occurring without 
a change in mood or emotion on the part of 
the patient is not stated. When records that 
have been obtained from normal persons lying 
quietly in a soothing physical and mental atmos- 
phere are examined consecutively so that many 
hours of recordings are represented, one is struck 
by the phasic occurrence of colonic motor ac- 
tivity. Periods of activity often alternate with 
periods of inactivity and the duration of both 
the active and the inactive periods is extremely 


variable. This point was early emphasized by 
Adler, Atkinson and Ivy.* They pointed out 
that the amount and quality of colonic motility 
in normal persons is as variable as it is in the 
dog and that not only do the different segments 
vary in regard to the type of motility they mani- 
fest at any particular time but the type of mo- 
tility is subject to rapid change. They noted in 
recently fed persons that periods of quiescence 
may endure for as long as sixty minutes or, on 
the other hand, that periods of activity may last 
for one hundred eighty minutes. The theses of 
Almy and Grace and their co-workers would be 
greatly enhanced if their data included the re- 
sults of prolonged periods of observation on the 
same persons when no painful or emotionally 
conflicting stimuli of a mental or physical nature 
were introduced, and if some estimates were 
presented of the likelihood of the changes ob- 
served during stress arising from a purely coinci- 
dental change in motility. 

Ulcerative Colitis. ‘Two recent studies using 
balloon recording technics have been made in 
patients who had ulcerative colitis.24?° In both 
studies the balloons were placed in the pelvic 
colon and in both instances two unusual features 
were seen in the records. In many of the patients 
type IV waves occurred frequently. They were 
almost uniformly associated with propulsive ac- 
tion, leading to expulsion of the balloons or of 
fecal material. Also, in a considerable number 
of the records, practically no motor activity was 
visible except for a few scattered type IV waves. 
In one of the studies’* a detailed analysis was 
made of records from ten fasting patients. Com- 
pared to tracings from a similar series of normal 
persons, the total amount of activity present in 
the records of the patients who had ulcerative 
colitis was just half that observed in the normal 
series. Type I activity increased from 1 to about 
3 per cent, but the significant changes in the 
records were a decisive reduction in type II ac- 
tivity, a complete lack of type III waves and 
the presence of type IV waves. In the larger 
group of cases studied”® not all the patients who 
had ulcerative colitis displayed such pronounced 
changes in motor activity. Nevertheless, the 
generalization seems justified that the majority 
of patients who have had this disease for a period 
of years display a reduction in the total amount 
of activity in their colons, accompanied by a 
shift from mixing and absorption-promoting 
types of motility toward a propulsive, excretory 
type of activity. 
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Congenital Megacolon. Swenson and his co- 
workers!®!~1°3 have shown recently that when 
small amounts of barium are allowed to trickle 
into the rectum under continuous roentgeno- 
scopic examination, a narrowed segment of the 
rectum and rectosigmoid, up to 10 cm. or more 
in length, becomes evident in patients who have 
congenital megacolon, particularly when they 
are viewed from the oblique position. They re- 
garded the narrowing as indicative of spasm,!°! 
although turbulent and purposeless motor ac- 
tivity with occasional reversed peristalsis was 
sometimes noted in the narrowed segment. In 
three patients motility in the narrowed segment 
was recorded by means of a balloon.'!®* In one 
of these patients no contractions occurred, in 
another, rhythmic segmentation was noted and 
the third displayed normal contractions that 
were independent of activity in the upper dilated 
segment of bowel. Recording the contractions of 
this narrowed segment of bowel by means of 
three balloons at different levels, Hiatt!®* found 
in several patients that the motility was caused 
by mass contractions of the entire segment. The 
roentgenoscopic, balloon and postcolostomy ob- 
servations of Swenson and his collaborators 
suggested to them, as pathologic studies had 
suggested to others,!-!°* that the narrow seg- 
ment presented a region of functional obstruc- 
tion in the colon. They found that this narrowed 
region corresponded to segments, previously 
recognized by others,!®:!°" in which the gan- 
glionic cells of the myenteric plexus are reduced 
in number or entirely absent. The concept of 
functional obstruction in this narrowed segment, 
presented by Swenson and associates, was veri- 
fied by the results of resection of the involved 
portion. Their ingenious operation has been 
found to restore normal bowel function in a 
great number of persons in whom it has been 

The similarity of the movements of this nar- 
rowed segment of the lower end of the colon in 
patients who have congenital megacolon to those 
of the lower end of the esophagus described in 
patients who have cardiospasm”® suggests a basic 
parallelism between the two conditions.'®® The 
finding that mecholyl induces a pronounced 
spasm in the lower end of the esophagus in 
patients who have cardiospasm suggests that 
the effects of this drug on the lower portion of 
the colon should be tested in patients who have 
megacolon. Other studies on the reactivity of 
the narrowed segment by means of balloon and 
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pressure-detection technics should be produc- 
tive, since it is possible that the smooth muscle 
in this portion of the bowel is present in a “‘pure”’ 
state or at least is free from the influence of local 
ganglionic cells. 

Studies with Drugs. As already mentioned, the 
large bowel normally shows periods of motor 
activity and inactivity of varying length. It is, 
therefore, exceedingly important, when assessing 
the action of a drug, to obtain sufficient control 
observations to establish, under the conditions of 
the tests, the amount of activity present when 
the drug is not given. A second factor, stressed 
by Grace, Holman, Wolf and Wolff!°® is that 
the responses of the colon to drugs may depend 
on whether the action of such drugs reinforces 
or opposes that of other forces, such as the emo- 
tions, already acting on the colon. 

Inhibitors: The classic and the more recently 
developed cholinergic blocking agents, such as 
atropine, tetraethylammonium chloride and 
banthine bromide, all. predominantly inhibit 
motor function in the large bowel.7:7%:5%,109.110 

Stimulators: The parasympathomimetic agents, 
neostigmine and mecholyl, stimulate motility of 
the large bowel.*:19:11!-113 Tn a detailed study 
of the types of activity affected by neostigmine 
McMahon, Sauer, Bargen and one of us 
(C. F. C.®) found that its chief effect was to 
alter the character of the motility of the large 
bowel from a predominantly non-propulsive to 
a predominantly propulsive action. The num- 
ber of type I and type III contractions decreased 
during the action of the drug, while the num- 
ber of type IV waves was increased. The results, 
in general, confirmed earlier observations.!!* 

Morphine: Atkinson, Adler and Ivy’ have 
shown that morphine, like neostigmine, has its 
predominant effect on the distribution of the 
types of activity in the colon. Its effect on the 
total amount of activity present may, like that 
of neostigmine, be slight. Its over-all effect, 
however, is exactly opposite to that of neostig- 
mine. These workers have demonstrated that 
morphine increases the amount of non-propul- 
sive motility and definitely decreases the pro- 
portion of propulsive activity present in the 
colon. They found that it also increases the 
tone of the large bowel. 

Ineffective Agents: A large number of so-called 
antispasmodic agents, such as methylamino-iso- 
octane (octin), pavatrine, syntropan, trasentine 
and phenobarbital, when administered by 
mouth in the recommended therapeutic doses, 
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have been found to have no effect on motility 
of the large bowel.8#:109.110 


CONCLUDING COMMENT: HOPE FOR THE FUTURE 


A classification of the types of motor activity 
in the alimentary canal that is based on the 
function which each section performs would aid 
tremendously in clarifying and advancing stud- 
ies of motility. Further investigations of the 
correlation between patterns of motility as re- 
corded by balloon and pressure-pickup units 
and motor action as observed roentgenologically 
must be made before assignment of specific 
motor effects can be made to all types of waves. 
Also, much work will be necessary before the 
physiologic action of each type of wave is 
thoroughly appreciated. At present, only some 
simple and rudimentary associations can be 
made. 

It is likely that waves of motility perform two 
general functions, namely, the mixing and the 
propulsion of the contents. It is also likely that 
they participate in a third function, namely, 
absorption. In the performance of these func- 
tions, the actions of the different types of waves 
no doubt overlap considerably. For example, 
mixing waves, while aiding digestion, will at 
the same time promote absorption by altering 
the surface of the contents presented to the 
mucosa. Likewise, propulsive motor activity, 
while accomplishing the excretion of unused 
materials, will aid absorption by spreading the 
contents over the surface of the mucosa. Both 
types may promote absorption by increasing 
intraluminal pressure. Also, declining gradients 
of mixing activity or of pressure-producing ac- 
tivity down the digestive tract would cause 
progress of liquid contents. 

However, even the proper assignment of its 
predominant function to each type of wave 
would greatly aid progress in this field. Changes 
in motor activity of the alimentary canal associ- 
ated with disease could then be precisely de- 
scribed and delineated in terms of the motor 
activity most significantly affected. If the effects 
of drugs on each type of wave of motility were 
also known, the physician could administer 
agents whose actions would be specifically di- 
rected toward correction of the precise derange- 
ment of motor action present in the patient. 
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Antigen-antibody Reactions 


HESE are stenotyped reports of Combined Staff Clinics of the College of Physicians 
en Surgeons, Columbia University, and the Presbyterian Hospital, New York. ‘The 
clinics, designed to integrate basic mechanisms of disease with problems of diagnosis and 
treatment, are conducted under the auspices of the Department of Medicine. The reports 


are edited by Dr. Gilbert H. Mudge. 


Dr. W1Li1AM B. SHERMAN: I am sure you are 
all more or less familiar with the fact that anti- 
bodies, which are a mechanism of immunity, 
can contribute under certain circumstances to 
the symptoms of the patient. For one simple 
example, if a mouse is injected with rabbit 
antipneumococcus serum, it is well protected 
against infection by pneumococci but will react 
with anaphylactic shock to an injection of the 
specific pneumococcus polysaccharide which is 
harmless to a non-immunized mouse. The field 
of application of antigen-antibody reactions to 
clinical disease is very broad and we can cover 
only a very small segment of that field. 

Several of the various ways in which antigen- 
antibody reactions can be involved in disease 
have been discussed quite recently in other 
meetings such as the experimental encephalo- 
myelitis apparently related to sensitization to 
homologous tissues, and the possibility or 
probability that antigen-antibody reactions may 
play a part in rheumatic fever and glomerular 
nephritis. In view of the limited time allowed 
we will omit these fields entirely and devote our 
attention primarily to reactions in which a 
specific substance introduced into a patient 
gives rise to a reaction which either is a demon- 
strable antigen-antibody reaction or in which 
there is good reason for believing it is related to 
such a mechanism. Dr. Kabat will begin by 
reviewing some of the fundamentals of anaphy- 
laxis in its typical form. 

Dr. Ervin A. Kapat: When antigen and 
antibody combine in vivo one can, in various 
species and under varying conditions, obtain a 
number of so-called allergic reactions. In not all 
of these various allergic reactions has the 
mechanism by which the reaction takes place 
been completely elucidated. However, there are 
a few such reactions which are better under- 
stood. Of these I will discuss two very briefly, 
namely, anaphylaxis and the Arthus reaction. 

Anaphylactic shock occurs when antigen is 


introduced into an animal which has previously 
either produced antibody itself in response to an 
earlier injection of antigen (active anaphylaxis) 
or which has artificially received antibody by in- 
jection of antibody-containing serum (passive 
anaphylaxis). Unfortunately, the amount of 
antibody produced by an animal which has been 
given a sensitizing dose of antigen bears no 
relation whatever to the amount of antigen 
which it received. Animals show an enormous 
range of variation in response to a uniform dose 
of antigen so that one has no way of knowing 
how much antibody has been produced by the 
sensitizing injection. This makes it difficult or 
impossible to determine how much antibody 
and antigen are necessary for anaphylaxis to 
occur. But since we have available methods 
developed by Dr. Heidelberger and his co- 
workers over the past twenty-five years for 
measuring antibodies in serum, it is a simple 
matter to inject known amounts of antibody 
into a normal animal, then inject antigen and 
determine how much antigen is required to 
induce anaphylaxis. The guinea pig is the 
animal of choice. 

If groups of guinea pigs weighing about 
250 gm. are injected intravenously with in- 
creasing known amounts of antibody nitrogen, 
for example, anti-egg albumin in amounts 
ranging from about 0.002 mg. N to about 
0.07 mg. N, and forty-eight hours later an 
intravenous injection of antigen is given, the 
severity of the anaphylactic response increases 
with the quantity of antibody used for sensitiza- 
tion. With the smallest amounts of antibody no 
appreciable reaction occurs. As one increases 
the amount of antibody given to each guinea 
pig the incidence of reactions increases and they 
become more severe. With larger doses anaphy- 
lactic death ensues and by the time one reaches 
about 0.03 mg. antibody N per 250 gm. guinea 
pig one can sensitize all the animals and produce 
uniformly fatal anaphylactic shock; similar 
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results have been obtained using rabbit anti- 
body to Type III pneumococcus polysaccharide. 
It is evident that only extremely small amounts 
of antibody need be present in the tissues of an 
intact animal to produce allergic reactions. 
Consequently, the detection of very small 
amounts of antibody is one of the important 
problems in allergy. In many types of allergic 
reactions we have no way of knowing the 
amounts of antibody required because we do 
not have zn vitro methods for measuring them. 

One might interpose the objection that, after 
all, rabbit antibody was used to sensitize a 
guinea pig and that perhaps species differences 
may play a role—guinea pig antibody might 
behave quite differently in the guinea pig. In 
experiments designed to test this possibility, 
however, the same quantity of guinea pig anti- 
egg albumin (0.03 mg. N) was found to be 
required for uniformly fatal anaphylaxis. With a 
high molecular weight antigen such as anti- 
tobacco mosaic virus the same quantity of anti- 
body N is needed for sensitization but larger 
doses of antigen are required to induce fatal 
shock. 

If one takes from a female guinea pig which 
has received a uniformly fatal sensitizing dose 
of antibody, i.e., 0.03 mg. antibody N, a strip 
of uterine muscle and places it in a Dale bath, 
it will contract when antigen is added. The 
uterine strip may weigh approximately 75 mg. 
in relation to the 250 gm. of guinea pig. If one 
assumes (and it is a pretty fair assumption from 
the available data) that the 0.03 mg. antibody 
N is fairly uniformly distributed through the 
tissue, by taking the ratio of 75 mg. to 250,000 
mg., and multiplying by 0.03 mg. N, one com- 
putes that this strip of uterine muscle has been 
sensitized to give a uniformly maximal con- 
traction after having received about 1/100,000 of 
a mg. of antibody N. This amount is much 
smaller than could possibly be detected by any 
of the usual methods. 

Many of the problems with respect to human 
allergic reactions may involve antibodies in such 
minute quantities. As if the problem were not 
difficult enough on this account, it turns out 
that antibodies in whole serum are of several 
different types. There are certain antibodies 
which will precipitate when antigen is added. 
There are other antibodies which are present in 
antisera and do not by themselves precipitate 
with antigen. They may be detected, however, 
by a rather simple experiment. Suppose one 
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takes an antiserum to crystalline egg albumin 
containing 1.0 mg. antibody N per ml. If instead 
of adding the quantity of egg albumin required 
to precipitate all of the antibody in one portion 
one adds a fraction of this amount of egg 
albumin in small portions, let us say 7, 8 or 10 
successive small portions to the serum in a tube, 
the first addition will produce a precipitate. 
One can centrifuge that off, make a second 
addition, a third, a fourth, etc. Eventually a 
point where precipitation no longer occurs will 
be reached. At that point, if all of the antibodies 
in the original serum were the same, one should 
have removed the entire 10 mg. antibody N. 
Usually such is not the case; at the point at 
which one of these small successive portions fails 
to precipitate one may have removed only about 
8 mg. antibody N. So there are unaccounted for, 
shall we say, 2 mg. antibody N. These 2 mg. can 
be detected in the supernatant serum after it 
no longer precipitates with antigen alone by 
adding to a portion of it some fresh whole serum, 
and then adding antigen. This type of. antibody 
may be thought of as non-precipitable antibody 
because after the precipitating antibodies in the 
serum are removed it cannot by itself precipitate, 
but in the presence of precipitating antibodies 
it can attach itself to a precipitate and be carried 
down and measured. 

If in terms of the framework theory of antigen- 
antibody reactions one considers the antibody 
which precipitates in serum to be bi- or multi- 
valent, the reaction of antigen and antibody 
produces a huge aggregate of multivalent anti- 
gen which react with multivalent antibody and 
it is this huge fabric which precipitates from 
solut:on. The non-precipitating antibody would 
be an antibody molecule with but one reactive 
group per molecule, or a “‘univalent’”’ antibody 
in terms of the framework theory of immune 
reactions. This does not mean that this is the 
only explanation. It is best if one wishes to avoid 
any firm adherence to the framework theory to 
describe the findings empirically and term the 
residual antibody non-precipitable antibody. 
One can measure the non-precipitable antibody 
by adding fresh antibody and antigen. One 
can dilute this antibody and inject it into a 
guinea pig and see if anaphylactic shock is pro- 
duced. In careful comparisons of the non-pre- 
cipitable antibody with the original antibody 
in whole serum it has been found to be just as 
effective in producing anaphylaxis as the mix- 
ture of antibodies in whole serum. 
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This raises another problem. Were many of 
the antibodies in human allergy of this non- 
precipitable variety, even if they were present 
in sufficiently large amount, it would not be 
possible to detect them by the usual in vitro tests. 

Another reaction which has been measured 
quantitatively is the Arthus reaction. The 
Arthus reaction may be considered essentially a 
reaction in which the combination of antigen 
and antibody forms a precipitate, damages 
vascular endothelium and causes various patho- 
logic manifestations which I am not competent 
to discuss. But if one injects varying known 
amounts of antibody and antigen, one can 
demonstrate a relationship between the amount 
of antibody and the severity of the Arthus 
reaction. Studies with Dr. Fischel have shown 
that intracutaneous injection of about 0.025 mg. 
rabbit anti-egg albumin N into rabbits followed 
by antigen thirty minutes later gives a minimal 
Arthus reaction. With larger quantities of anti- 
body the severity of the local reaction increases. 
The Arthus reaction, however, is much less 
sensitive to variation in antigen concentration. 
Larger quantities of antibody are required if 
administered intravenously. Studies with Bena- 
cerraf have established the relationships between 
antibody and antigen needed to induce an 
Arthus reaction in the guinea pig. By proper 
choice of dosage and of the time interval between 
sensitization and shock, complications due to 
anaphylaxis may be avoided. The Arthus reac- 
tion, unlike the anaphylactic reaction, can be 
shown to require the formation of an actual 
precipitate causing the blood vessel damage; 
because if one prepares non-precipitable anti- 
body, which is as effective as antibody in whole 
serum in producing anaphylactic shock, it does 
not produce an Arthus reaction. 

Another piece of evidence in this connection 
is that horse antipneumococcus antibody which, 
for a reason we do not understand, is incapable 
of producing passive anaphylactic sensitization 
in the guinea pig, will precipitate with the 
pneumococcus polysaccharide and will cause 
an Arthus reaction in the guinea pig. So we 
have both sides of the picture, a non-precipitat- 
ing antibody producing anaphylaxis but failing 
to cause an Arthus reaction, and a non-anaphy- 
lactively sensitizing but precipitating antibody 
producing an Arthus reaction. 

The problem is a very difficult one. It is one 
of reasoning from analogy. It is essentially 
trying to get a pattern for the allergic reactions 
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in which we can measure amounts of antibody 
and trying to determine the relative quantities 
of antibody and types of antibody which are 
essential for producing certain of these allergic 
reactions so that one can better understand the 
reactions of human allergy. Dr. Sherman has 
recently reported that with rabbit anti-egg 
albumin sera which would passively sensitize 
human skin, giving a Prausnitz-Kiistner type 
of response, the antibody was of the non-pre- 
cipitating variety. It is through extension of 
studies of this type that we may increase our 
knowledge of the different types of allergic 
reactions and make it possible to compare them, 
one with another, in terms of the quantities and 
kinds of antibody necessary for their production. 

Dr. SHERMAN: The same general type of reac- 
tion that Dr. Kabat has described in experi- 
mental animals is familiar in clinical medicine 
as a result of injecting protein antigens, particu- 
larly heterologous antisera, into patients. We 
have very little occasion to inject chemically 
pure antigen into patients. More often the 
material injected is a foreign serum which is a 
mixture of many antigens. Therefore we are 
unable to follow through with exact quantitative 
technics, but it is possible to show a very close 
analogy. Dr. Beatrice Seegal will discuss some 
of these reactions which take place with the 
therapeutic use of heterologous serum. 

Dr. BEATRICE SEEGAL: It is the purpose of this 
discussion to touch on three aspects of serum 
disease; the clinical manifestations, the relation 
of antigen-antibody reactions to the disease 
picture and the occurrence of concomitant 
vascular damage. 

Serum disease follows the injection of a 
foreign serum, usually therapeutic horse serum. 
There are two types of reaction which may 
ensue. The first, known as serum shock, develops 
almost instantaneously and is characterized by 
substernal oppression, apprehension, dyspnea, 
cyanosis, coughing, nausea, vomiting and 
diarrhea. Collapse may follow and in very rare 
instances death occurs. 

The second type of reaction which may follow 
injection of a foreign serum is known as serum 
sickness. In this disease there is an incubation 
period. Generally about one week elapses before 
the symptoms are manifest, although they may 
come in a few hours or they may be delayed for 
two or more weeks. The disease is characterized 
by skin eruptions, wheals, erythema and pur- 
pura; by hot, swollen and painful joints; by an 
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enlarged spleen and lymph nodes; and, in a 
minority of cases, by proteinuria and eosino- 
philia. The migratory polyarthritis has been 
compared with that found in rheumatic fever. 
Swift and Boots have shown that the fluid 
recovered from the joint cavity in patients with 
serum sickness closely resembles that from the 
joints of patients with rheumatic fever. 

Both manifestations of serum sickness are 
associated with a demonstrable antigen-anti- 
body reaction. Serum shock in man occurs in a 
previously sensitized individual and hence is 
comparable to anaphylactic shock in animals. 
The sensitization mav have arisen from a previ- 
ous injection of serum, or it may have developed 
spontaneously as in the natural horse asthmatics. 
These individuals are sensitive to horse dander; 
and since there are common antigens between 
horse dander and horse serum, they also are 
sensitive to horse serum. Thus the symptoms of 
serum shock are initiated by the reaction be- 
tween preformed antibody and the injected 
antigen. 

The relation of serum sickness to an antigen- 
antibody reaction is not so readily apparent. 
Previous sensitization usually cannot be demon- 
strated. Mackenzie and Hanger pointed out 
that the incidence of the disease is related to the 
amount of serum injected. When amounts of 
horse serum up to 10 cc. are administered, only 
about 10 per cent of patients develop serum 
sickness. If as much as 100 cc. of horse serum is 
injected, only about 10 per cent of patients 
escape the disease. Von Pirquet and Schick in 
1905 demonstrated that serum sickness occurs 
at a time when antibodies to the foreign serum 
develop in the patient’s circulation, and they 
suggested that the disease is precipitated by an 
antigen-antibody reaction. Mackenzie and Leake 
followed the rate of disappearance of injected 
serum and the development of specific antibody 
in the circulation of a number of patients, of 
whom some acquired serum sickness while 
others escaped. These investigators cited a 
typical instance to illustrate the clinical mani- 
festations and immunologic course of the disease. 
A boy aged thirteen, who received 180 cc. of 
antipneumococcus horse serum, developed the 
first signs of the disorder four days after injection 
and during the next fifteen days urticaria, 
edema, fever, painful joints and enlarged spleen 
and lymph glands followed. Examination of the 
patient’s serum for the presence of injected 
horse serum showed that at the onset of the 
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disease this antigen was present in the patient’s 
circulation and that it slowly decreased in 
amount until at the time of recovery it had 
disappeared. At the same time search for the 
presence of antibodies to horse serum demon- 
strated that in the latter part of the disease 
these antibodies were reaching high titers. It 
would appear that the termination of serum 
sickness in this patient was associated with final 
elimination of the antigen by these antibodies. 
In cases in which serum sickness failed to 
develop, Mackenzie and Leake found that the 
horse serum was very slowly eliminated. At the 
end of their period of observation, which was 
as long as two months, there were large amounts 
of horse serum still circulating and no demon- 
strable antibody to horse serum. The absence 
of serum sickness was thus correlated with the 
persistence of antigen, the lack of antibody and 
hence the lack of an antigen-antibody reaction. 

A foreign serum such as horse serum, which 
contains many antigenic proteins, gives rise to 
as many specific antibodies. The apparent 
coexistence of horse serum and of antibodies to 
horse serum in the circulation of the patients 
studied by Mackenzie and Leake is due to the 
different rates at which antibodies develop to 
the various fractions of the horse serum. Over- 
lapping of antigens with non-specific antibodies 
occurs. 

A study of serum sickness in an individual 
injected with a single antigen would be very 
instructive since it would permit accurate 
analysis of the relation of the disappearance of 
antigen and the development of antibody to 
serum sickness. Such data are available. During 
the war, studies were carried out at the Columbia 
Research Service at the Goldwater Memorial 
Hospital on crystalline bovine albumin as a 
possible plasma substitute. Volunteers were 
injected with this serum fraction. A small per- 
centage of the patients developed serum sickness 
during the course of the experiment. Dr. Forrest 
E. Kendall, who studied the disappearance of 
the antigen and the development of antibody 
in these patients, has furnished the data re- 
corded in Figure 1 which illustrates the fate of 
antigen in two patients, one of whom had serum 
sickness. The amount of albumin in the circula- 
tion in grams per cent was determined by the 
quantitative precipitin reaction over a period 
of weeks following injection of 25 gm. of crystal- 
line bovine albumin in each of these patients. 
Patient C failed to develop any serum sickness. 
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As in most of the other subjects studied, the 
injected bovine albumin left the circulation 
slowly. Its half-life was twenty-four days and 
traces were still observable in the circulation 
at the end of 140 days. Patient R developed 
serum sickness on the twenty-second day follow- 
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Fic. 1. Antigen-antibody titers in serum sickness due to 
bovine albumin. (Courtesy Dr. Forrest E. Kendall.) 


ing the injection of the bovine albumin. The 
disease lasted for seven days. It may be seen that 
during the period of the disease the concentra- 
tion of bovine albumin in the circulation 
dropped rapidly from 14 mg. per cent to zero. 
It was then possible to demonstrate .026 mg./ml. 
of antibody N in this patient’s serum. There 
was thus a correlation between the development 
of serum sickness and the loss of antigen from 
the circulation. The development of antibody 
was demonstrable as convalescence set in. 
Serum sickness was formerly considered an 
annoying rather than a serious malady. How- 
ever, Rich found in autopsies on individuals who 
died following a recent attack of serum sickness 
typical fresh lesions of periarteritis nodosa, 
characterized by hyaline degeneration and 
necrosis of the intima and media associated with 
infiltration of leukocytes. Rich produced such 
lesions experimentally by injecting rabbits with 
large amounts of horse serum, 10 cc. per kg. of 
body weight. Upon sacrificing the animals three 


to four weeks after this procedure he found 
severe arteritis and periarteritis similar to that 
seen in the human cases. Some of these animals 
had lesions in the heart valves and in the myo- 
cardium which Rich considered similar to those 
found in acute rheumatic fever. 
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Fic. 2. Experimental serum sickness in the dog. 


Since it is customary to show patients in a 
medical clinic, a case of serum sickness will be 
presented. Here is Mrs. Cornell’s Ivy, a pure 
bred beagle, who received a total of 54 ml. of 
normal rabbit serum on March 22nd, 23rd and 
24th, during her fourth week of pregnancy. On 
April 3rd, ten days later, she was found to have 
typical full-blown serum sickness. Her joints 
were so swollen and painful that she walked 
with great difficulty. She had other classical 
symptoms such as edema of the face, neck and 
extremities, enlarged axillary nodes, conjunc- 
tivitis, and purpuric eruptions, particularly 
noticeable on the ventral surface of the body 
about the nipples. Figure 2 indicates the dura- 
tion of the various symptoms of serum sickness 
which Mrs. Cornell’s Ivy manifested. It may 
be seen that her clinical course was similar to 
those which Mackenzie and Leake reported for 
their human subjects. Her immunologic status 
is also recorded. On the tenth day she had both 
rabbit serum and antibodies to rabbit serum 
in her circulation. During the course of her 
disease the antigen decreased in the circulation 
and the antibodies to the rabbit serum rose; and 


_when she was recovering from her disease, her 


blood contained almost no antigen but still had 
a high titer of the antibody. 

Dr. SHERMAN: For a good many years we 
have been accustomed to thinking of antigens 
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in terms of proteins. However, for a period of 
fifteen or twenty years there have been extensive 
studies by Dr. Landsteiner, Dr. Chase and 
others at the Rockefeller Institute showing that 
certain rather typical types of antigen-antibody 
reactions may be produced by substances of 
non-protein and relatively simple chemical 
character. 

As an outgrowth of these studies we have also 
acquired knowledge of a different type of anti- 
body or a different type of transfer of antibody 
from the actively sensitized to the normal in- 
dividual. Dr. Chase of the Rockefeller Institute 
has very kindly consented to come and tell us 
about some of these studies. 

Dr. MERRILL CHASE: Without benefit of 
detailed evidence on slides I want simply to 
review some of the phenomena that have been 
seen while travelling another road that leads 
into the same territory—the area of antigen- 
antibody reactions. This route was opened 
through’ the development of experimental 
drug sensitization, first carried out successfully 
abroad in 1928 and 1930 and then devel- 
oped by Dr. Landsteiner, whose group came 
to include myself. The extension in chemical 
thought contributed by Dr. Landsteiner was 
the happy selection of several sensitizing 
chemicals for which analogues could be ob- 
tained and with which specificity studies would 
be possible. I came to adopt the course of 
first studying the guinea pig, as the animal of 
choice for drug sensitizations, in order to find 
what occurred with the onset of hypersensitivity 
in this species, then secondarily, and only then, 
of learning whether the conclusions may be 
applicable to human beings. There are, indeed, 
some differences between the skin reactions of 
the two species. 

The primary task, undertaken by Dr. John 
Jacobs, was to develop methods of effecting 
dermal sensitivity. In human studies one may 
locate sensitized individuals in the populace who 
will permit one to do specificity tests. In con- 
trast, those who use animals must learn to 
develop the desired sensitizations in normal 
populations. (We may say at the outset that 
most of the sensitizations of which I shall speak 
are commonly designated as the “‘delayed type”’ 
because the inflammatory reaction, after ap- 
plication of the allergenic material to the 
sensitized individual, follows a particular course: 
it becomes visible only after the lapse of four to 
seven hours, gets progressively more intense 
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with its maximum generally at twenty-four or 
forty-eight hours, and then gradually fades 
away.) 

Perhaps we can get quickly at the methods 
employed. First, I wish to emphasize the im- 
portance of heredity in determining the degree 
to which an animal can be rendered sensitive. 
By selective breeding of either susceptible or 
resistant animals, it is possible to obtain off- 
spring whose sensitivity will vary in accordance 
with general Mendelian principles. Thus ani- 
mals coming from a stock that is sensitizable 
to a given excitant, will, if subjected to a suit- 
able course of treatments, all become sensitive, 
although there will be minor individual quali- 
tative differences. 

We may remark in passing that it has not yet 
been possible to desensitize animals once they 
have been sensitized. But—a fact of theoretic 
interest at least—it has been found that if the 
animals are fed with the specific incitant prior 
to the sensitizing procedure, a new situation 
arises: the animals fail largely or wholly to 
respond to later sensitizing procedures carried 
out with the same chemical. Feeding, it may be 
remarked, is not the sole method of administra- 
tion by which profound differences in response 
may be ensured; further, the time elapsing 
between the feeding and the attempt at sensitiza- 
tion may be rather long (at least half a year), 
without loss of the acquired resistance. It can, 
consequently, be important as to how the 
individual first encounters allergenic chemicals. 

One other observation should be mentioned. 
Drs. Landsteiner and Jacobs, using the guinea 
pig, were able to bring evidence for the com- 
bination of certain sensitizing drugs with the 
tissues of the body as an explanation of the 
drugs’ allergizing capability. This was accom- 
plished by using compounds consisting of a 
benzene ring with simple chloro- and _ nitro- 
substituents, of which there are many possible 
isomers. The various compounds available to 
them were examined for their sensitizing 
capacity in animals: those able to sensitize 
were thus detected and set apart from whose 
which could not sensitize. When the chemical 
properties were investigated, it was found that 
the possession of a labile chlorine atom or a 
labile nitro group was a characteristic of all those 
compounds that possessed the sensitizing prop- 
erty. The compounds could therefore unite with 
organic bases; when such union occurred in vivo, 
as with proteins, the new complexes could be 
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viewed as antigens that were partly derived 
from the host and partly from the radical of the 
sensitizing chemical. We may find it useful 
to designate complexes of this sort as “‘deriva- 
tive’ antigens. 

With this much as introduction we may 
proceed to a review of the information that has 
been acquired by studying the allergic guinea 
pig. In the first place, we have found in guinea 
pigs brought into a state of sensitivity that there 
is present in variable measure, along with their 
delayed type of hypersensitivity manifested upon 
contact with the chemical in question, also 
circulating antibodies. These antibodies can be 
demonstrated by a technic analogous to the 
Prausnitz-Kiistner reaction, with use of young, 
normal guinea pigs as the recipient animals, 
and also by passive transfer of anaphylaxis in 
the way that Dr. Kabat has just described. It 
turned out, however, and not unexpectedly in 
view of the concept of “derivative antigens”’ 
mentioned previously, that in developing both 
the Prausnitz-Kiistner reactions and the anaphy- 
lactic syndrome it was often necessary to use not 
the simple drug but a preformed “‘derivative 
antigen” or conjugate, in which the drug was 
combined with a suitable protein as a vehicle, 
e.g., the proteins of homologous serum, or 
casein or other soluble protein. In this way 
the use of such conjugates allowed us to find 
circulating antibodies in cases in which other- 
wise we could not find them at all. If one 
examines the literature for instances of drug 
sensitization in the human being that have been 
associated with circulating antibodies (usually 
demonstrated by the passive transfer procedure 
of Prausnitz and Kiistner), we find that the 
positive reports nearly always have to do with 
chemicals that are readily reactive with tissue 
proteins, e.g., phthalic anhydride, chloramine-T 
and the like; and it does not seem far fetched 
to assume that, if and when more suitable con- 
jugates are employed, the presence of circulat- 
ing antibody may be detected in many more 
types of drug sensitization in man. 

In the second place, there is surprising evi- 
dence that the white cells play a prominent 
role in mediating the hypersensitive state, that 
is, in preparing for reactions of the ‘‘delayed 
type.”’ For example, if white cells are collected 
from sensitive animals and are washed and 
injected into normal animals, a state of hyper- 
sensitivity ensues which seemingly is not to be 
duplicated if one gives serum or fractions of 
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serum that are especially rich in antibody. It 
has so far been found that the cells themselves 
must be maintained living. The test material 
that elicits the reaction on the recipient animals 
is precisely that which has been used to sensitize 
the group of donor animals. The onset of sensi- 
tization in the normal animal is within two to 
two and one-half days when one injects the 
cells into the peritoneal cavity; it may come as 
early as sixteen to nineteen hours if the cells are 
injected into the blood stream. 

Let us consider the following experiment. A 
normal animal has received white cells from 
animals made sensitive to ortho-chlorobenzoyl 
chloride. A few hours later a site on the skin was 
freed of hair by clipping and a drop of olive oil 
containing ortho-chlorobenzoyl chloride was 
allowed to fall onto the skin. For comparison, 
the same application was made on another 
animal that had not received the white cells. 
A positive contact reaction developed by the 
following day on the cell recipient ‘only. A 
new area was then freed of hair and a second 
contact reaction was developed on this new site. 
On the other flank of the animals an application 
of olive oil containing in solution another, 
chemically unrelated sensitizing chemical 
demonstrates, by the absence of reaction, that 
the positive contact reaction has the attribute 
of specificity. 

Likewise, in the case of tuberculin sensitivity 
positive transfer effects are to be elicited by 
cells; the reaction exhibited by the recipient 
animal when tuberculin is injected intracu- 
taneously is not intense but it has the essential 
features of the tuberculin reaction. An experi- 
ment was done with pooled cells taken from a 
number of guinea pigs that had been sensitized 
with heat-killed tubercle bacilli suspended in 
hydrocarbons. The pooled cells were washed 
and divided into two portions. The one recipient 
was given half of the final cell suspension intra- 
peritoneally, the other was given the remainder 
but not until it had been heated at 48°c. At 
appropriate times tuberculin was injected intra- 
cutaneously. On the day following the first 
testing there were positive, albeit incipient, 
reactions on the guinea pig that received the 
living cells, none on the other. When the testing 
was repeated and one more day had elapsed, 
the animal that had received heated cells was 
still entirely negative whereas both test sites on 
the animal that had been given the living cells 
were positive and indubitably so. It may not 
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be amiss to remark that the proper time interval, 
and not the repetition of the testing, is the 
reason for the observed change. 

The white cells, then, play a special role that 
is not yet elucidated. The white cells can be got 
from the circulating blood, as the leukocytic 
cream or “buffy coat’; they may be obtained 
from spleen or taken from the lymph nodes. 
They may be secured in exudates caused to 
appear in the peritoneal cavity by the injection 
of paraffin oil. Lately we have been using 
principally cells of splenic origin and cells 
teased from lymph nodes. 

Many attempts made to detect circulating 
antibody in such recipients of white cells were 
fruitless. Finally, however, after some further 
years of investigation and improvements in 
technic, antibody was detected. The antibody 
was indeed oriented specifically toward the sub- 
stance that had been employed in the sensitiza- 
tion of the cell donors, it was capable of sensitiz- 
ing guinea pig skin to undergo an evanescent, 
local reaction, and it was capable of rendering 
guinea pigs passively anaphylactic. 

Immediately there will come to mind the 
work of Erich and Harris, and of White and 
Dougherty relating the lymphoid cells to the 
production of circulating antibody. Such would 
be, were it capable of substantiation, a very 
pretty explanation of the mode of onset of 
dermal sensitivity after the transfer of white 
cells: these would carry or give rise to antibody, 
and the presence of circulating antibody would 
explain allergic states. There are certain diffi- 
culties, however, in the acceptance of this view, 
apart from the ostensible difficulty that the 
antibodies in donors’ sera do not transfer 
sensitivities of the delayed type: I refer to quite 
tentative experiments in which it appears that 
the two effects following transfer of cells are 
dissociable. 

The cells do not appear to convey significant 
amounts of preformed soluble antibody, for 
when white cells of the sensitive guinea pig 
were ground with sand we could recover no 
antibody in the extracting fluid. Upon closer 
analysis we found that the conditions necessary 
for the finding of antibody were these: (1) the 
cells had to be living; (2) it required time, 
usually two or three days, before antibody was 
detectable in the circulation following cell 
transfer and, once found, the concentration was 
seen to increase up to the fifth or sixth day. 
One could therefore think that the antibody 
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was a consequence of active sensitization. But 
apparently this is not the case: the antigen that 
we are using is so poorly antigenic that if it is 
injected directly into a normal animal anti- 
bodies will not be found for fourteen to eighteen 
days. In contrast, we have obtained antibodies 
as early as twenty-seven hours after the injection 
of cells. 

We may illustrate these statements. Record- 
ings were made of the behavior of both uterine 
horns of a female guinea pig that had received, 
a few days before, cells removed from the lymph 
nodes of sensitized donors. When the conjugated 
antigen, in this instance picrylated casein, was 
placed in the bath, both horns simultaneously 
swept up in contraction. After the strips had 
relaxed and the chamber had been washed, a 
renewal of the same dose of antigen failed to 
cause a response (specific desensitization) al- 
though the tissues were still viable as shown by 
contraction upon addition of histamine. 

The appearance and accumulation of anti- 
body in the blood stream can be followed by 
means of a series of ear bleedings on the indi- 
vidual recipients of donated white cells. The 
relative concentration of antibody can then be 
determined on small samples of serum by means 
of simultaneous comparison in a recipient guinea 
pig, with use of a modified Prausnitz-Kiistner 
type of test: equal volumes of the various bleed- 
ings (or dilutions thereof) are injected into the 
skin at different sites and, one day later, antigen 
is injected intravenously. The reactions appear 
and are read within three to eight minutes. If 
the animal chosen as recipient of the cells is a 
female, individual uterine horns can be removed 
at operation whenever desired and a compari- 
son made between the results of both sorts of 
test. 

As a further extension of our work, we have 
found that if cells from highly sensitive guinea 
pigs are deposited delicately in normal skin, the 
sites of deposition being regarded as areas pre- 
pared for Prausnitz-Kiistner testing, local reac- 
tions at the sites can sometimes be secured when 
antigen is injected intravenously. Apparently 
one must attempt the testing only after an 
interval of time, say two or three days after 
deposition of the cells. Whether this procedure 
simply reveals traces of antibody in the cell mass 
that are not discernible when the cells are sub- 
jected to thorough grinding, or whether it 
indicates some ongoing process analogous to that 
by which antibody is found in the circulation of 
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typhus vaccine. (Courtesy of Army Institute of 


Pathology. ) 
animals that receive larger volumes of cells, is a 
question not yet resolved. 

A final word is in order regarding the relation 
of the findines made in the guinea pig with 
some preliminary observations in human sub- 
jects. In the same way as was shown first in the 
laboratory animal, white cells taken from the 
tuberculin-sensitive human being are reported 
by Dr. Lawrence of New York University 
Medical College to render a tuberculin-nega- 
tive person tuberculin-positive. In addition, 
and in the field of human reagins, Drs. Walzer 
and Glazer have recently reported that cells 
taken from people exhibiting flare-and-wheal 
reactions to allergens and possessing corre- 
sponding circulating reagins will, albeit at a 
considerable cost in response in the quantitative 
sense, cause normal recipients to exhibit local 
flare-and-wheel reactions at the cutaneous sites 
of deposition. It remains to be determined 
whether this is simply residual reaginic antibody 
already existing in the cells and mechanically 
transferred with them. 

In summary, it may be well to repeat that 
the transfer of washed white cells from sensitive 
guinea pigs to normal individuals of the same 
species results in one or both of the following 
effects. If the donors have had a dermal sensi- 
tivity of the “delayed type,” the recipient will 
come to exhibit the same sort of sensitivity. If 
the donors have been actively producing or 
have been prepared so that they are about to 
produce circulating antibody, the presence of 
this antibody will be found in the recipient 
animal. It would appear that the cells involved 


are ‘“‘stem cells” that participate in the im- 
munologic process, the particular role that they 
play if transferred to another animal depending 
upon the way in which the antigenic or allergenic 
stimulus has been applied to the donor indi- 
vidual in effecting its sensitization. The situation 
is evidently complicated, yet it is capable of 
analysis. 

Dr. SHERMAN: The work that Dr. Chase has 
described has helped a great deal in the under- 
standing of allergic reactions to drugs and 
medications that we see clinically. However, as 
will soon be apparent, the development of 
knowledge of the immune mechanisms and 
types of antibodies involved in these clinical 
reactions is far behind the experimental work. 

We do see clinically very definite and typical 
examples of both the immediate anaphylactic 
and the delayed type of reaction that Dr. Chase 
has described. Also we see a great many drug 
reactions which in our present state of knowl- 
edge are hard to fit into the picture. 

Coincident with the decline in the use of 
heterologous antisera, due to the introduction 
of the antibiotics, a number of new protein- 
containing medications have been introduced 
and we occasionally see typical anaphylactic 
shock due to the injection of such protein- 
containing drugs as liver extract, virus or 
rickettsial vaccines made from egg yolk, and 
insulin. Reactions to the virus and rickettsial 
vaccines usually occur in patients who are 
naturally sensitive or allergic to eggs, and in 
this way they resemble the serum reactions of 
horse asthmatics that Dr. Seegal has mentioned. 

Figure 3 illustrates the type of reaction which 
may be observed in a patient who is sensitive 
to egg yolk following injection of a vaccine 
derived from egg yolk. This is a section from a 
soldier in the last war who concealed from the 
Army authorities the fact that he had always 
been allergic to eggs. He got by all right until 
he was given a dose of typhus vaccine which was 
prepared from egg yolk and had a very prompt 
fatal reaction. The slide is a section of a bron- 
chiole showing very marked constriction of the 
lumen, which is further obstructed by secretion 
of mucus. The constriction of the lumen was 
presumably due in part to spasm of the circular 
musculature and in part to the swelling of the 
mucosa but in any case sufficient essentially to 
close off the lumen and produce asphyxial death. 

With the more commonly used substances, 
such as insulin, fortunately the reactions are 
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rarely this severe. Allergy to insulin is relatively 
common but is usually manifested by urticarial 
eruptions. A certain number of reactions are 
specific to beef or pork and by changing the 
type of insulin it is possible to avoid the reaction. 
However, there is another group we see rela- 
tively frequently in which all types of insulin, 
including the purest available crystalline insulin, 
produce the: reaction. These are of particular 
interest in that a certain small number of the 
patients showing allergic reactions to insulin 
as an antigen are also resistant to the hormonal 
effect of insulin. The two conditions may occur 
separately but occasionally occur together. One 
patient who was treated in the metabolism ward 
two or three years ago had urticaria due to 
insulin and required doses up to 1,500 units a 
day, which still did not entirely control the 
glycosuria. The serum of these patients contains 
a factor distinct from the sensitizing antibody, 
which can be shown to protect mice against 
insulin shock. We have no conclusive proof that 
this is an antibody but its specificity suggests 
that it probably is an antibody. In the patient 
who was treated here it was possible to show 
that the serum would protect mice against all 
types of commercial insulin but would not pro- 
tect mice against human insulin. This species 
specificity is the strongest evidence that it might 
be an antibody. 

Similar anaphylactic reactions, occasionally 
severe and sometimes fatal, also are noted with 
a number of non-protein drugs: arsphenamine, 
quinine, rarely penicillin and, rather interest- 
ingly, thiamine, which is a normal and essential 
constituent of the body. However, when large 
amounts of thiamine, 100 mg. or more, are 
injected either intramuscularly or intravenously, 
it is not unusual for patients to develop a sensiti- 
zation which may result in an anaphylactic 
reaction to subsequent injections. In these cases 
the skin tests with thiamine usually show an 
immediate urticarial reaction. Occasionally one 
sees reactions following the oral administration 
of sulfonamides that are so sudden and severe 
that they may be considered anaphylactic in 
type. This, however, is not one of the common 
reactions to sulfonamides. In an occasional case 
of this type it is possible to demonstrate a skin- 
sensitizing antibody to the sulfonamide by the 
Prausnitz-Kiister reaction. 

In one instance serum from a patient giving 
a severe reaction to sulfadiazine was injected 
into normal skin in four sites, each with 0.1 cc. 


SEPTEMBER, 1952 


of the undiluted serum, and on the opposite side 
of the subject’s back five sites, one of undiluted 
serum, one each of serum diluted 1:10, 1:100, 
1:1,000 and 1:10,000. All of these sites in the 
dilution series were tested with 1 per cent sodium 
sulfadiazine, which was the soluble form of the 
drug which had produced the reaction. Even 
0.1 cc. of a 1:1,000 dilution of the serum pro- 
duced a definite sensitization. In order to test 
the specificity of the reaction the other four 
sites made with undiluted serum were tested 
with sulfadiazine, sulfapyridine, sulfathiazols 
and sulfanilamide, respectively. Sites tested 
with the first three drugs gave definite reactions; 
that tested with sulfanilamide showed no reac- 
tion. Control tests in non-sensitized skin with 
the same four drugs were entirely negative. 


This demonstration of circulating antibody for 


sulfonamide drugs is relatively rare and not a 
practical method of determining sensitivity. 

In addition to these anaphylactic types of 
reactions one also sees reactions that show all 
of the features of serum sickness, and in pro- 
ducing this type of reaction penicillin is by far 
the commonest drug. Such cases show edema 
of the face, swelling of the hands and feet with 
pains in the small joints, fever and intense and 
often confluent urticaria of the body surface. 
This type of reaction to penicillin usually has 
approximately the same incubation period as 
serum sickness, usually seven to ten days, but 
occasionally two to three weeks, and follows 
much the same course. Ordinarily these reac- 
tions resolve spontaneously in about ten days or 
two weeks. Occasionally for inexplicable reasons 
they may persist for many weeks or months. 

Somewhat less similar to serum sickness but 
still showing the same characteristic incubation 
period and quite comparable is simple drug 
fever which may or may not be associated with 
a skin rash. The skin rash with most drugs is 
apt to be of the maculopapular type rather than 
the urticarial type seen with penicillin but may 
assume various different morphologic appear- 
ances. In general these reactions subside as 
quickly as the drug is excreted. In the case of 
the sulfonamides, this is a matter usually of 
only two or three days. 

For example, let us consider a febrile reaction 
to sulfadiazine in a patient with lobar pneu- 
monia making a good initial response to the 
drug. On the sixth day of treatment there was 
an abrupt rise in temperature to 104.8°Fr. at 
which time the leukocyte count, which had been 
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7,200, rose to 12,000. The following day it was 
26,900 without the presence of eosinophilia. 
The patient showed no sign of spread or infective 
complication of the pneumonia. The sulfadiazine 
was discontinued and in the course of two days 
the temperature returned to normal and the 
white count also became normal. In order to 
prove that this was a reaction to the drug the 
patient was given small doses of the drug on 
two successive days and there was a prompt 
return of a temperature rise, almost as high as 
before. This illustrates the fact that during the 
initial course of treatment in the previously non- 
sensitized patient there is an incubation period 
of approximately one week before sensitization 
develops. However, after the patient has 
recovered he remains sensitive and subsequent 
doses produce a very prompt reaction, usually 
within twelve or twenty-four hours. 

If the patient is given one of these drugs for 
only one or two days, it is perfectly possible to 
develop sensitization but for the drug to be 
entirely excreted before fever occurs. In this 
case it is only the immediate reaction when the 
drug is next used that calls attention to the 
sensitization. 

Another case illustrates what may occur if the 
drug is not given continually but is given in 
intermittent dosage. This was a patient with 
arteriosclerotic heart disease who was treated 
with mercuhydrin. After several doses of 
mercuhydrin, which produced no untoward 
result, the patient began running an irregular 
high fever, first every other day, then suddenly 
skipping to three days. It was noted that all of 
these spikes in temperature corresponded to the 
injections of mercuhydrin. Thus the form of 
fever curve depends entirely upon the manner 
of giving of the drug. 

In the treatment of syphilis with arsenicals it 
was very commonly noted if the doses were 
given at weekly intervals that the patient would 
show a febrile reaction the day after the second 
dose, the so-called “reaction of the ninth day.” 
This was simply due to the fact that the patient 
who had tolerated the first dose developed 
sensitization to the drug during the first 
week and the following dose produced the 
reaction. 

These febrile reactions to drugs usually sub- 
side rather promptly when the patient discon- 
tinues the use of the drug and might appear to 
be more confusing than serious. However, there 
have been certain pathologic lesions noted in 


these patients if they died, either as a result of 
the drug reaction or from some other cause 
shortly after having the drug reaction. Some 
of these lesions are quite similar to those occur- 
ring in serum sickness. 

Dr. Arnold Rich has reported arterial lesions 
in many patients who had sulfonamide reactions. 
The relationship of this type of drug reaction to 
clinical periarteritis nodosa is still obscure; but 
it is apparent that if a patient with an un- 
diagnosed fever has had courses of different 
antibiotics and sulfonamides, one must be very 
careful in interpreting the significance of a 
biopsy which may show this type of lesion. 

This lesion also very commonly involves the 
small vessels in the myocardium, and may be 
associated with diffuse infiltration. Figure 4 
illustrates a section of myocardium from a 
patient treated with sulfathiazole, showing 
edema between the muscle fibers and infiltration 
of a large number of wandering cells, most of 
which are rather large cells with an eosinophilic 
cytoplasm. 

A different type of lesion which also has been 
frequently reported in these cases with drug 
fever due to sulfonamides is shown in Figure 5. 
This is a section of liver with a small area of 
focal necrosis in which there is intense infiltra- 
tion of wandering cells. This same type of focal 
necrosis may occur in lungs, lymph nodes and 
spleen. These pathologic lesions suggest that 
the drug fever, which seems to be a relatively 
innocuous phenomenon, is actually a mani- 
festation of a sensitization which involves the 
important viscera, and that continuation of the 
drug in the face of drug fever or suppression of 
the drug fever by any agent is a relatively risky 
procedure which may lead to further visceral 
damage. 

While many different forms of skin rashes 
are produced by allergic reactions to various 
drugs, there are two principal types of skin 
reaction, both of which are produced by many 
different drugs. One of these is the ordinary 
maculopapular dermatitis medicamentosa. The 
other is contact dermatitis, a vesicular reaction 
occurring after contact of the drugs with the 
unbroken skin. 

Contact dermatitis may be caused by a great 
variety of topical applications. A patient de- 
veloped a reaction to penicillin ointment, which 
was applied to folliculitis in the bearded area. 
The skin rash continued to spread. As the rash 
spread the patient put on more ointment until 
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Fic. 4. Infiltration of myocardium due to sulfonamide. 


(Courtesy of Army Institute of Pathology.) 


it was soon apparent that he had developed and 
was constantly spreading a contact dermatitis. 

Among the drugs occasionally causing con- 
tact dermatitis are the antihistaminic drugs. 
One patient had an itching eruption on the 
eyelids for which pyribenzamine ointment was 
advised. She applied the ointment. The rash 
spread and only after it had extended down to 
the chest did she realize that she had something 
different from the original condition. Applying 
the ointment and pyribenzamine powder in 
patches to an uninvolved area of the skin repro- 
duced the rash at that site. 

While the vesicular eruption of contact 
dermatitis and the maculopapular dermatitis 
medicamentosa are quite different in appear- 
ance, actually they represent a very similar type 
of sensitization. It is common for patients who 
have had one of these forms of drug sensitization 
to react to the same drug by the other type of 
reaction. For example, a patient with ulcers on 
the legs treated with sulfathiazole ointment de- 
veloped contact dermatitis due to the ointment. 
This cleared and a year or more later she was 
treated with sulfathiazole for pneumonia. When 
sulfathiazole was given orally, there was a very 
prompt redness and inflammation at the site of 
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the old contact dermatitis showing that it was 
the most sensitized part of the skin, but at the 
same time there was a typical maculopapular 
rash involving the other areas of the skin. Also 
in this case there was fever, showing that what 
appears to be simply a skin sensitization is 
actually a systemic sensitization. When patch 
tests of the sulfathiazole were applied to the 
normal areas of skin, they produced a typical 
vesicular contact dermatitis. 

Time does not permit discussion of less com- 
mon types of drug dermatitis but there is one 
that is of special interest in that it shows features 
similar to the lesions that we have seen in the 
viscera. This is erythema nodosa. Several types 
of drugs, such as the sulfonamides and thioura- 
cil, may cause indurated lesions on the legs, 
indistinguishable in external appearance from 
erythema nodosa occurring in rheumatic fever 
or in tuberculosis. In histologic sections of this 
type of lesion there is seen an intense infiltration 
of the subcutaneous tissue and _ perivascular 
lesions quite similar to those that have been 
noted in the heart muscle and the liver of 
patients with drug fever. 

There are a great many types of drug reac- 
tions that are of great importance and interest, 
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such as hepatitis due to drug sensitization, 
agranulocytosis and thrombocytopenic pur- 
pura, which cannot be discussed in the time 
available. 

One point that I think should be mentioned 
is the fact that the specificity of these drug reac- 
tions varies a great deal. This is important if a 
patient has had a reaction to one drug and is to 
receive another drug related chemically. This 
has been studied particularly in the case of the 
sulfonamide drugs and it has been shown that 
all variations may occur. Thus there may be a 
specific sensitization to one drug in which the 
other drugs of the group are easily tolerated; or 
there may be sensitization to two or three of the 
group, as in the case mentioned in which the 
patient was sensitive to sulfadiazine, sulfathia- 
zole and sulfapyridine but strangely not to 
sulfanilamide, which is the common radical 
in all of these drugs. Also there have been 
patients reported who reacted to the entire 
group of sulfonamides and also to procaine and 
other compounds which resemble the sulfona- 
mides in having a p-amino benzene group. 

StupENT: Is there any way of preventing 
serum sickness or of reducing its incidence? 

Dr. SEEGAL: Serum sickness is more frequent 
following the injection of large amounts of 
serum. Purified antibody preparations contain 
little else than antibody globulin. Hence the 
same therapeutic dose given as purified antibody 
globulin has much less total protein and will 
not give rise to serum sickness as frequently as 
whole serum. It may be possible to prevent serum 
shock. The patient should be questioned con- 
cerning sensitivity to horse dander and also 
should be skin-tested with horse serum. In the 
presence of either a positive history of sensitivity 
or a positive skin test, a series of small injections 
of the serum may be given in an attempt to 
desensitize the patient. 

Dr. JOHN VAN B. Dean: Since the injection 
of serum may produce such severe reactions, 
what are the indications for using therapeutic 
antiserums? 

Dr. SEEGAL: Serum should be injected only 
when the need is clearly indicated. Today the 
most common indications for using therapeutic 
antiserum are diphtheria infection and _sus- 
pected tetanus infection in a non-vaccinated 
individual. 

STUDENT: What is the treatment of serum 
sickness? 


Dr. SHERMAN: The most effective treatment 
is ACTH by slow intravenous drip. Intramuscu- 
lar ACTH and cortisone are also effective but 
less rapid in their action. In the milder cases 
urticaria may be relieved by antihistaminics 
and arthralgia by aspirin and codeine. 

Dr. Georce MEtcHER: Dr. Sherman, you 
spoke of the use of skin tests. What are your 
views on the value of skin tests in allergy? 

Dr. SHERMAN: The value of skin tests varies 
greatly in different allergic conditions and with 
different allergens. Such tests are based on the 
presumptions that the sensitivity of the skin 
parallels that of the tissues actually affected in 
the disease, and that the allergen used is in a 
form comparable to that which reaches the 
affected tissue. The former assumption holds 
true in many common allergic diseases, such 
as hay fever and asthma due to inhaled allergens, 
but not in localized allergic reactions such as 
fixed drug eruptions. The second assumption 
depends on the nature of the allergen, the 
changes it undergoes in the body and the 
method of contact. For example, in bakers’ 
asthma due to inhalation of flour, skin tests with 
wheat give reliable results, while in asthma 
believed to be due to eating wheat products 
their significance is relatively less, since the 
wheat antigen is cooked, digested and partially 
metabolized before it reaches the bronchial 
tissues. In regard to the conditions discussed, 
skin tests for serum sensitivity are of tremendous 
value, while in most allergies to non-protein 
drugs scratch or intracutaneous tests are unre- 
liable and often dangerous. As_ previously 
mentioned, patch tests are frequently helpful 
in the diagnosis of skin eruptions due to drugs, 
although in the case of rashes from drugs taken 
internally the patch test reaction occurs only 
if the drug is also absorbed through the un- 
broken skin. 

Dr. JouHn A. Coss: What is the mechanism 
of the effect of cortisone on allergic reactions? 

Dr. SHERMAN: The mechanism is not known. 
During effective control of allergic disease by 
cortisone the reaction to skin testing with the 
antigen is not appreciably changed, nor is the 
concentration of circulating antibody, the 
reaction in skin sites passively sensitized with a 
fixed amount of antibody, or the reaction of the 
skin to injected histamine. One can only pre- 
sume that the mechanisms may be physiologic 
rather than immunologic. 
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Dr. Epwarp E. FisHEi: Can penicillin O be 
used safely in patients who have previously had 
allergic reactions to penicillin G? 

Dr. SHERMAN: The available figures show 
that such patients are less apt to react to peni- 
cillin O than to further use of penicillin G. 
However, penicillin O produces a higher inci- 
dence of reactions in patients known to be sensi- 
tive to penicillin G than in persons who have not 
previously received any form of penicillin. If a 
patient has once had a severe reaction to peni- 
cillin G, the safest course is to treat subsequent 
infections with a completely different antibiotic; 
but if the organism is presumed to be susceptible 
only to penicillin, the use of penicillin O would 
be preferable to re-use of penicillin G. 


SUMMARY 


Dr. GILBERT H. Mupce: In this clinic we 
have considered those syndromes or diseases 
which may be attributed to an antigen-antibody 
reaction, and especially those instances in 
which a specific antigen has been administered 
to a patient. The biologic mechanisms of these 
reactions have been examined in detail. 

Studies in experimental hypersensitivity have 
emphasized the difficulties inherent in attempts 
to analyze the clinical counterparts by precise 
quantitative methods. Thus experimental ana- 
phylactic shock may be produced by the ad- 
ministration of quantities of antigen which give 
rise to such small tissue concentrations that their 
presence in tissues can probably not be detected 
by any known chemical method. The problem 
of non-precipitable antibodies is also discussed; 
i.e., antibodies which can not be detected by 
the conventional precipitin reactions but which 
are nevertheless active in producing sensitivity. 


SEPTEMBER, 1952 


Certain antibodies also show a high degree of 
specificity with respect to the type of allergic 
response which they produce. 

Serum disease is the classical example of a 
delayed antigen-antibody reaction. In a previ- 
ously sensitive patient the administration of a 
foreign serum, usually horse serum, may pro- 
duce an immediate anaphylactic response; the 
more common type is the delayed reaction in a 
non-sensitive subject. This appears when the 
antigen is disappearing from the circulation 
and antibodies to it are beginning to appear. 
Although the symptoms are often regarded as 
merely annoying, the possibility must be kept 
in mind that significant visceral damage may 
occur in some cases. 

In carefully controlled studies the delayed 
type of skin sensitivity has been used to examine 
the mechanisms of drug reactions. Derivative 
antigens are probably always formed; they may 
be regarded as a complex between the host’s 
protein and the reactive groups of the adminis- 
tered chemical compound. In this type of 
hypersensitivity the living white blood cell 
appears to play a unique role. Certain of these 
mechanisms are presented in detail. 

Clinical examples of immediate and delayed 
types of reactions are given. Although the use 
of serum has greatly decreased, reactions very 
similar to serum sickness are frequently seen 
with such drugs as penicillin. The variable 
clinical picture of drug reactions is at times 
difficult to understand. However, the route 
and frequency of drug administration may be of 
primary importance in determining the precise 
clinical syndrome. Variations in drug specificity 
are illustrated by the sulfonamides; in this group 
all degrees and patterns of cross reactions have 
been observed. 
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Acromegaly, Mandibular Tumor and Pyrexia 


Y TENOGRAPHIC reports, edited by Robert J. Glaser, m.p. and David E. Smith, m.p., of 
weekly clinico-pathologic conferences held in the Barnes Hospital, are published in 
each issue of the Journal. These conferences are participated in jointly by members of the 
Departments of Internal Medicine and Pathology of the Washington University School 
of Medicine and by Junior and Senior medical students. 


HE patient, G. W. (No. 207967), was a 
Negro housewife, forty-one years of age, 
| who entered the Barnes Hospital for the 
first time on March 28, 1952, because of a 
tumor of the jaw. The family history was non- 
contributory. The past history was of interest in 
that the patient stated that she had had large 
hands and feet and unusually prominent facial 
features for as long as she could remember. 
Four years before admission frontal and occipital 
headaches developed and the patient consulted 
a physician who told her that she had hyper- 
tension. She was given sedatives and her blood 
pressure was said to have fallen to lower levels. 
Concomitantly the headaches disappeared. The 
patient had never been intolerant to heat nor 
had she noted a tremor, but she had become 
much more nervous than she had ever been 
before and was easily upset. Her weight had 
been constant and her menses had been regular 
until one year before entry when menstrual flow 
became scanty. In the three months prior to 
admission she had had no menstrual bleeding. 
She had never been pregnant. Her voice had 
always been high pitched. For several years she 
took large amounts of water and had noted 
nocturia two times a night. 

Four years before entry the patient under- 
went the first of a series of dental extractions 
because of carious teeth; all of the involved 
teeth were removed over a two-year period. 
Two years before admission to the hospital the 
patient noted a small nodule at one of the oper- 
ative sites in the right lower jaw. The nodule 
increased in size and made it impossible for the 
patient to wear her denture. With increase in 
size the lesion also became painful, and the pa- 
tient came to the Barnes Hospital. 

At the time of entry physical examination 
revealed her temperature to be 36.5°c., pulse 86, 
respirations 14 and blood pressure’160/100. The 
patient was a middle-aged Negress with a typi- 


cal acromegalic appearance. ‘There was marked 
increase in the size of her hands, feet, nose, lower 
jaw and ears. The torso was masculine in con- 
figuration; the breasts were small. The eyes were 
prominent but there was neither exophthalmos 
nor lid lag. Examination of the fundi revealed 
them to be normal. In the right lower jaw there 
was a very hard mass measuring 2 by 3 by 3 cm. 
The mass was fixed to the mandible and was 
somewhat tender. The patient’s tongue was 
large. A firm mass measuring 2 by 2 cm. was 
palpated in the left lobe of the thyroid gland. 
Examination of the heart and lungs revealed 
no abnormalities. The liver edge was palpable 
2 cm. below the right costal margin but the 
spleen could not be felt. The remainder of the 
physical examination and the neurologic éx- 
amination were within normal limits. 

The laboratory data were as follows: Blood 
count: red cells, 4,700,000; white cells, 7,000; 
hemoglobin, 13.5 gm.; differential count: eosino- 
philes, 3 per cent; segmented forms, 76 per cent; 
lymphocytes, 16 per cent, monocytes, 5 per cent. 
Urine: specific gravity, 1.035; reaction, 6.5; al- 
bumin, 1+; sugar, 4+; acetone, negative; 
sediment: occasional white blood cell per high 
power field. Blood cardiolipin test was negative. 
Blood chemistry: non-protein nitrogen, 16 mg. 
per cent; fasting blood sugar, 171 mg. per cent; 
sodium, 131.8 mEq./L.; potassium, 4.5 mEq./ 
L; chlorides, 107 mEq./L.; total protein, 8.9 
gm. per cent; albumin, 5.3 gm. per cent; glo- 
bulin, 3.6 mg. per cent; calcium 11.4 mg. per 
cent; phosphorus, 4.6 mg. per cent; alkaline 
phosphatase, 5 Bodansky units. Protein-bound 
iodine, 7.3 gamma per cent. Radioiodine studies: 
uptake, 22.4 per cent, excretion, 56 per cent. 
Roentgenograms: the mandible was edentulous, 
enlarged, heavy and sclerotic. In the anterior 
portion of the right body there was an oval 
mass of irregularly sclerotic bone with a rim of 
radiolucency suggesting a fibrous osteoma. A 
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Similar small process involved the alveolar ridge 
of the left maxilla. There were degenerative 
and sclerotic changes in the cervical spine, and 
variation of the shapes of the vertebrae with 
marked spur formation and irregularity of the 
superior and inferior cortical margins suggestive 
of old osteochondritis. The heart was minimally 
enlarged. The lungs were clear. The calvarium 
was diffusely thickened; the outer table was 
densely sclerotic with prominences in the region 
of the bregma and the occipital protuberance; 
there was also thickening of the internal table, 
especially in the frontal region. The sella turcica 
was enlarged with good cortical margins; no 
erosion or demineralization was noted. Some 
widening of the prevertebral soft tissue was seen 
suggestive of possible extension of the tumor 
through the base of the sella. Electrocardiogram 
showed left ventricular enlargement; myocardial 
ischemia. 

On a regular diet the patient spilled between 
3 and 33.5 gm. of glucose daily. She was then 
given a diet containing 200 gm. of carbohydrate, 
100 gm. of protein and 90 gm. of fat. On this 
dietary regimen she showed only traces of glu- 
cose in the urine. On the fourteenth hospital 
day, after various studies were completed, the 
patient underwent operation for the removal of 
the tumor mass in the mandible. She was given 
sodium pentothal, nitrous oxide-oxygen anes- 
thesia and the lesion was excised. Iodoform and 
balsam of Peru packs were inserted into the 
operative wound. Prior to operation the patient 
was begun on prophylactic penicillin, 400,000 
units twice daily, but during the evening after 
operation, her temperature rose to 38°c. and 
on the following day reached 39°c. A repeat 
chest x-ray showed only slight atelectasis on the 
right. The patient’s urinary output was rather 
scanty on the first two postoperative days, but 
thereafter was satisfactory. On the third post- 
operative day her temperature was 39.5°c. No 
apparent response to penicillin and streptomycin 
therapy was noted. She complained only of 
tenderness along the right lower jaw and of 
some difficulty in flexing her neck. The diffi- 
culty in flexion of the neck was thought to be 
due to pain in the jaw and to the fact that her 
neck was short. The operative wound appeared 
clean and the visual fields remained normal. A 
repeat electrocardiogram showed no significant 
change from the one obtained prior to opera- 
tion. Physical examination showed no significant 
change; the lungs remained clear except for 
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occasional scattered rales in the right base which 
cleared on coughing. There was no tachycardia. 
The white blood count was 8,500; urine and 
blood cultures were negative. On the evening of 
the third hospital day penicillin and strepto- 
mycin were discontinued and aureomycin ther- 
apy was instituted. On the fourth postoperative 
day the serum calcium and phosphorus levels 
were repeated and found to be normal. No signs 
of infection at the operative site or elsewhere 
were noted. The patient’s temperature rose to 
40.6°c. on the fifth postoperative day, and be- 
cause she continued to complain of difficulty in 
flexing the neck, a lumbar puncture was per- 
formed. The initial pressure was 300 and the 
final pressure 220 mm. of water. The fluid con- 
tained sixty-six cells without acid and twenty- 
four cells with acid; 95 per cent of the cells were 
lymphocytes. The protein was 57 mg. per cent. 
On the sixth postoperative day the patient’s 
temperature fell to normal and she appeared 
improved. The following day, however, her tem- 
perature again rose, and on the eighth day after 
operation reached 40.4°c. A second lumbar 
puncture was performed; the initial pressure 
was 200 and the final pressure 180 mm. of 
water. There were twenty cells with acid of 
which 60 per cent were lymphocytes. The spinal 
fluid sugar was 44 mg. per cent. Cultures of the 
fluid including those for tubercle bacilli and for 
fungi were negative. Despite the fact that no 
specific diagnosis had been made, the patient 
was given aspirin in an attempt to lower her 
temperature. There was a moderate decrease in 
fever for several days but on the ninth post- 
operative day, when the temperature rose to 
40.2°c., there was no response either to large 
amounts of aspirin or to continuous sponging. 
The patient was kept in an oxygen tent. During 
the entire postoperative period her blood pres- 
sure fluctuated somewhat but averaged about 
12C/80. Repeated determinations of the serum 
electrolytes and of the white blood count were 
normal. Late on the ninth postoperative day the 
patient suddenly expired. Rectal temperature 
taken fifteen minutes after death was 41.6°c. 


CLINICAL DISCUSSION 


Dr. Cart V. Moore: It is clear that this 
forty-one year old Negress was suffering from 
classic acromegaly. She had done quite well 
except for polydipsia and polyuria, neither of 
which was especially troublesome. She came to 
the dental clinic because of the painful nodule 


« 
| 


368 


in her lower jaw which made it impossible for 
her to wear a denture. She was admitted to the 
surgical service for removal of the lesion but 
prior to operation was transferred to the Medi- 
cal Service where the studies described in the 
protocol were performed. Dr. Wilson, from the 
description of the roentgenologic findings, I 
assume this patient exhibited many of the char- 
acteristic changes seen in acromegaly. 

Dr. Hucu M. Witson: Yes, she did. The 
mandible and the sella turcica were the sites of 
typical alteration. 

Dr. C. V. Moore: Were the x-ray findings of 
the mass in the mandible suggestive of a specific 
type of lesion? 

Dr. Witson: We thought the tumor was a 
fibrous osteoma. 

Dr. C. V. Moore: One of the first questions 
which was raised when this patient was ad- 
mitted to the hospital was whether the lesion in 
her jaw had any relationship to the pituitary 
tumor. Dr. Peterson of the Department of Oral 
Surgery is here, and I would like to ask him to 
discuss this point. 

Dr. Leroy W. Pererson: As far as I know 
there is no specific relationship between oste- 
omas, such as the one this patient had, and 
acromegaly. I could find no reference in the 
literature which suggests that their concomitant 
occurrence is anything other than a coincidence. 

Dr. C. V. Moore: Dr. Moore, you have 
been interested in this subject for a long time. 
Do you have any comments to make? 

Dr. SHERWOOD Moore: I would agree with 
Dr. Peterson. I have not been impressed by the 
occurrence of osteomas in acromegaly either. 

Dr. C. V. Moore: I understand, Dr. Wal- 
dron, that you have a section of the osteoma 
which was removed at the time of operation. 
Would you demonstrate it? 

Dr. CHARLES WALDRON: Roentgenograms of 
the mandibular lesion after removal showed 
clearly that it was a well delimited tumor which 
appeared to be encapsulated. Figure 1 is typical 
of all the sections. It shows a mass of dense bone 
and heavy trabecula between which densely 
fibrous marrow is seen. I prefer to call this 
tumor an osteoma for it appears to be an ex- 
panding neoplasm of bone but its resemblance 
to a late stage of fibrous dysplasia, particularly 
in the microscopic sections, must be admitted. 

Dr. C. V. Moore: Do you think the osteoma 
was related to the pituitary tumor? 

Dr. Wavpron: No, I do not. I discussed this 
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question with Dr. William H. Bauer of the De- 
partment of Pathology at St. Louis University; 
he has had a vast experience in this particular 
field and he thinks there is no relationship 
between the two. 

Dr. H. Daucuapay: In reviewing 
case reports of acromegaly I found one case in 
which multiple osteomas of the skull were 
present. 

Dr. C. V. Moore: When this patient was 
transferred to the Medical Service, one of the 
major problems was to decide whether the 
acromegaly should be treated prior to surgical 
removal of the osteoma. There was some differ- 
ence of opinion among those who saw the pa- 
tient as to whether radiation should be given or 
whether she should be treated conservatively. 
It will be recalled that the patient had diabetes 
with polydipsia and polyuria and an elevated 
basal metabolic rate (+40) with nervousness. 
In addition, the eosinophile count was normal; 
there were no neurologic abnormalities, and as 
far as could be determined, the physical signs of 
acromegaly had been static. Finally, there was 
evidence of increased production of growth hor- 
mone; the latter information has not been avail- 
able in the past, and I would like, therefore, to 
ask Dr. Recant to comment on this determi- 
nation and its significance. 

Dr. ReEcAntT: We have recently ob- 
served in the serum of fasted normal patients a 
respiratory quotient depressing factor. Serum 
obtained from normal patients not in the fasting 
state does not contain the factor. On the other 
hand, in several diabetic patients and in this 
patient with acromegaly, the respiratory quo- 
tient depressing factor was present in significant 
quantities in serum obtained from them in the 
fed state. The factor resembles growth hormone 
in many respects but whether it is identical with 
growth hormone is not certain. 

Dr. C. V. Moore: Dr. Daughaday, would 
you discuss the problem as to whether a patient 
with acromagaly should or should not receive 
treatment for the disease? 

Dr. Daucuapay: In the first place it should 
be pointed out that the circumstances in this 
case were rather unusual in that the patient 
came to the hospital for treatment of an inciden- 
tal complaint. Most patients with acromegaly 
seek hospitalization because they have symptoms 
referable to their primary disease. When patients 
present with symptoms which are troublesome 
to them, we usually suggest a course of x-ray 
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therapy provided there is little restriction of 
visual fields. In this particular instance, how- 
ever, I believe I would have suggested deferring 
treatment until after removal of the osteoma. 
Radiation therapy usually requires a period of 
three to six months before improvement appears 
and symptoms referable to treatment may de- 
velop during this period. This woman was actu- 
ally in remarkably good condition despite the 
fact that she had some symptoms of diabetes. 

Dr. C. V. Moore: Do you believe that her 
tumor was still functioning or do you consider 
that it may have been “burned out’’? 

Dr. Daucuapay: Until there is a satisfactory 
method for determining hormone titers in the 
blood, the answer to that question will have to 
be based on clinical impressions only. This pa- 
tient apparently had increased growth hormone 
production although the evidence for this state- 
ment is indirect. The normal eosinophile count 
is not particularly helpful since it quite com- 
monly is normal in actively progressive acro- 
megaly. Similarly, many patients with acro- 
megaly may have no _ neurologic findings 
because there may be even less encroachment 
on the sella turcica than this patient exhibited. 
The fact that the physical signs were fairly 
static is difficult to evaluate. Mention should be 
made of the serum phosphorus level as a means 
of determining activity in acromegaly. Reifen- 
stein and Albright suggest that when the serum 
phosphorus level is above 4.5 mg per cent, 
activity is probable. Taking all the data to- 
gether I would guess that this woman’s disease 
was still active although not markedly so. 

Dr. C. V. Moore: In his article on hyper- 
pituitarism in Oxford Medicine, Dr. Harry B. 
Friedgood has this to say: ““The ideal patient for 
roentgen therapy is one who has endocrine 
disturbances and possibly a slight enlargement 
of the sella turcica but no visual disorders.” 
This patient then, according to Dr. Friedgood’s 
views, would have been a good candidate for 
roentgen therapy. As far as we know no final 
decision was made as to whether the patient was 
to be treated after the removal of the tumor or 
not. I would like to ask Dr. Schwartz whether 
patients with active acromegaly are endangered 
if they are subjected to surgery elsewhere in the 
body before therapy is given to the pituitary 
tumor. 

Dr. Henry G. ScHWARTz: No, I do not think 
they are; I see no reason why the osteoma should 
not have been removed first. 


SEPTEMBER, 1952 


Dr. C. V. Moore: If patients present visual 
disturbances, should radiation be given? 

Dr. ScHwartz: In my opinion the presence 
of visual disturbances makes it mandatory that 
the patient be subjected to craniotomy. 

Dr. C. V. Moore: Dr. Park, this patient was 
on your service when she entered the hospital. 
You favored deferring radiation therapy, did 
you not? 

Dr. CHARLES R. Park: Yes, I did. 

Dr. C. V. Moore: Dr. Wood, what was your 
opinion? 

Dr. W. Barry Woon, Jr.: I thought that the 
patient should have the osteoma removed first, 
and that subsequently she should receive radia- 
tion. It seemed to me that radiation as a prophy- 
lactic measure was justifiable since it might 
prevent the patient from getting into serious 
difficulties later. One of the major problems we 
considered was whether or not she had hyper- 
thyroidism. There were a number of features 
which suggested it, in addition to the high basal 
metabolic rate. 

Dr. C. V. Moore: The diagnosis of hyper- 
thyroidism came up for discussion during the 
postoperative course also, Dr. Wood, when the 
possibility as to whether the patient may not 
have had a thyroid storm was considered. 
Dr. Daughaday, do you think this woman had 
thyrotoxicosis? 

Dr. Daucuapay: About 50 per cent of pa- 
tients with acromegaly exhibit an elevated basal 
metabolic rate. Cushing found, however, that 
the thyroid gland from most patients with 
acromegaly was not obviously hyperplastic 
when examined microscopically but rather 
that the nodular enlargement was due to 
follicles distended with colloid; the epithelium 
was flat. McCullagh, Gold and McKendry! per- 
formed radioactive iodine uptake studies on 
seven patients with acromegaly and found 
normal values in all of them, despite the fact 
that each patient had an elevated basal meta- 
bolic rate. Further, protein-bound iodine has 
not been elevated in most patients with acro- 
megaly. The evidence, therefore, suggests that 
acromegaly may lead to an elevated basal 
metabolic rate without hyperthyroidism per se. 
I doubt that this woman had _ significant 
hyperthyroidism. 

Dr. C. V. Moore: Let us now consider the 
E. P., Gotp, A. and McKeEnpry, J. B. R. 


Radioactive iodine uptake in the hypermetabolism 
of acromegaly. J. Clin. Endocrinol., 10: 687, 1950. 
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postoperative course further. It will be recalled 
that on the night of operation, fever developed 
and the patient’s temperature rose rapidly, 
despite the fact that she had been begun on 
antibiotic therapy prior to operation. On the 
third day stiffness of the neck developed; this 
complaint was thought to be referable to pain 
in the operative site and to the fact that the 
patient’s neck was very short. At the time the 
first lumbar puncture was done, the spinal fluid 
pressure was elevated and there were twenty- 
four cells with acid. The patient continued to 
have fever which rose to a very high level 
terminally, but during the entire period she 
remained alert. There is a note in the chart 
stating that she talked coherently with the 
nurses and house officers half an hour before 
she expired. The cause of the postoperative 
febrile course was a very difficult one to deter- 
mine. One of the obvious considerations was the 
possibility of pulmonary infection. Dr. Wilson, 
were there any findings in the postoperative 
chest film which would be helpful in this regard? 

Dr. Witson: Minimal cardiac enlargement 
was again demonstrated. In addition, the 
diaphragms were elevated but no distinct areas 
of pulmonary infiltration were noted. 

Dr. C. V. Moore: Dr. Hunter, will you open 
the discussion of the postoperative course. 

Dr. THomas H. Hunter: When Dr. Paul B. 
Beeson was visiting here, he saw this patient and 
presented a thorough exposition of the possible 
causes of her fever. I have had the advantage, 
therefore, of Dr. Beeson’s thoughts in the case. 
Perhaps the most impressive findings were those 
related to the spinal fluid. The patient had both 
elevation in pressure and increase in cells. 
Although the pleocytosis was not marked, it was 
nonetheless definite. Until the normal value 
for the spinal fluid sugar was obtained, tuber- 
culous meningitis, among other things, merited 
serious consideration and brain abscess was also 
a possibility. Neither could be substantiated. A 
central lesion of some type seems most probable. 

Dr. Henry A. SCHROEDER: I think one can 
localize further the central nervous system 
involvement in this instance. Lesions in the 
posterior hypothalamus characteristically pro- 
duce hypothermia whereas those in the anterior 
hypothalamus are usually associated with hyper- 
thermia. I would suggest, therefore, a lesion in 
the anterior hypothalamus. 

Dr. C. V. Moore: A central lesion was 
seriously considered by the staff caring for the 


patient. Do you have any comments about this 
possibility, Dr. Schwartz? 

Dr. ScHwartz: Dr. Schroeder has intention- 
ally oversimplified the relationship of hypotha- 
lamic lesions to hypothermia and hyperthermia, 
but his generalization is a very satisfactory one 
for the purposes of this discussion. Since this 
woman almost certainly had a pituitary tumor 
of the eosinophilic type, it would have been 
entirely possible for the tumor to have extended 
through the sella, and thus to have involved 
either the anterior or posterior hypothalamus. 
Lateral extension would have given rise to 
temporal lobe signs. 

Dr. C. V. Moore: If such a complication did 
occur, do you think it was related to the surgical 
procedure performed twelve hours earlier? 

Dr. ScHwartz: I doubt that the operation 
had anything to do with it. In acromegaly a 
course such as this patient exhibited is quite 
common; indeed, just such a course may occur 
if the patient has had neither x-ray therapy nor 
an incidental operation, or conversely, if either 
of the latter two has transpired. 

Dr. C. V. Moore: Does the occurrence of 
hyperpyrexia in a patient with acromegaly con- 
stitute an indication for craniotomy? 

Dr. ScHwartz: No, I do not think so. When 
such a situation develops, one must go through 
the differential diagnosis of pyrexia, as was done 
in this case; meningitis is an important possi- 
bility. It must be remembered that antibiotic 
therapy may modify the clinical picture of 
meningitis without completely controlling the 
infection, and it may be difficult, therefore, to 
rule out meningitis. In regard to extension of 
the pituitary tumor fer se an important point 
against this complication in the present patient 
was the absence of hypotension and other signs _ 
of adrenal insufficiency which are common * 
under such circumstances. 

Dr. C. V. Moore: In summary, the con- 
sensus appears to be that the osteoma had 
nothing to do with the acromegaly, and that its 
removal probably did not in itself significantly 
influence the patient’s course. It seems likely 
that the postoperative fever was due to a 
central lesion, possibly a hemorrhage into the 
gland itself. Are you satisfied, Dr. Wood, that 
the patient did not have hyperthyroidism? 

Dr. Woop: Yes, I would agree with Dr. 
Daughaday in that regard. 

Dr. C. V. Moore: Are there any other 


comments? 
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Dr. ScHwartz: I should like to emphasize 
that in the studies made by Hausner and 
Adams,” there was no evidence that operative 
intervention elsewhere in the body played a 
role in pituitary necrosis or hemorrhage. As 
suggested previously necrosis and hemorrhage 
occur in patients with acromegaly, both in 
those given x-ray treatment and in_ those 
untreated. 

Clinical Diagnoses: Acroniegaly; pituitary hem- 
orrhage or necrosis? 


PATHOLOGIC DISCUSSION 


Dr. WiiuraM R. Murpny: In addition to the 
external features of acromegaly described clini- 
cally the axillary, epitrochlear and inguinal 
lymph nodes were enlarged and the skin was 
greatly thickened and extremely tough. The 
skull was quite thick and dense, especially in 
the frontal region where it measured 20 mm. in 
thickness. The brain showed no hemorrhages, 
petechiae or other lesions of the hypothalamus 
or other regions. The diagraphma sellae was 
bulging to approximately 14 cm. above \its 
usual position and pressed on the floor of the 
third ventricle. The pituitary weighed 6.1 gm., 
which is ten times the normal weight. On cross 
section the superior portion of the pituitary and 
pituitary stalk had the dark red color of fresh 
hemorrhage; the remainder was very friable 
grey tissue. 

The nodular thyroid was enlarged twofold 
and contained obvious glassy brown colloid. A 
grey-brown parathyroid adenoma 1 cm. in 
diameter was found imbedded in the lower 
portion of the right lobe of the thyroid. Another 
parathyroid 3 mm. in diameter and of similar 
color was found posterior to the left lobe of the 
thyroid. There was generalized splanchno- 
megaly. The liver weighed 2,000 gm. and the 
kidneys and spleen were moderately enlarged. 
The adrenals were not remarkable. Slight con- 
gestion and edema and a few focal subpleural 
hemorrhages in the lungs were the only signifi- 
cant lesions in the thoracic viscera. There were 
strong fibrous adhesions in the pelvis and the 
ovaries were adherent to the posterior surface 
of the bladder. 

Dr. Davi E. Situ: Most of the questions 
that have been discussed clinically were an- 


2BrouGHAM, M., HeEusner, A. P. and Apams, R. D. 
Acute degenerative changes in adenomas of the 
pituitary body—with special reference to pituitary 
apoplexy. J. Neurosurg., 7: 421, 1950. 
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swered by the gross findings. The cellular 
nature of the tumor and anatomic evidence of its 
recent activity are interesting points that may 
be answered by histologic examination. Figure 2 
illustrates a section from the pituitary. It is a 
picture of necrotic tissue with interstitial hemor- 
rhage. At the periphery are a few intact but 
pyknotic cells. Special stains did not demon- 
strate specific granules in any cells in these 
sections. The recent necrosis and hemorrhage 
into the tumor probably eliminated specifically 
staining substances by destroying the cells; 
however, the possibility remains that some of the 
intact cells represent “‘burned out” acidophiles. 
This hypothesis of degranulation by exhaustion 
is an attractive explanation of those cases of 
acromegaly that begin to show manifestations 
of hypopituitarism, but histologic proof of such 
a phenomenon is usually complicated as in this 
case by old or recent necrosis in the adenoma. 
We cannot do much more than postulate the 
answer to such a question in the present case, 
but certain other tissues might be indicative of 
the amount of recent hormonal activity of the 
tumor. 

The thyroid in Figure 3 shows one of the 
nodules which was recognized grossly. The 
acini are filled with colloid, and the epithelium 
is of a low cuboidal character. This thyroid 
shows no anatomic evidence of cellular hyper- 
plasia, but rather is in a stage of nodular colloid 
hyperplasia. Such a histologic picture so com- 
mon in acromegaly might be interpreted as 
evidence of a previous and probably inter- 
mittent activity of a thyrotrophic hormone. 
Such a concept is in harmony with a popular 
theory of the evolution of nodular colloid 
goiters. Although it is far from unanimously 
agreed that the acidophilic cells elaborate 
thyrotrophic hormone, some investigators have 
found in the material removed at operation 
from eosinophilic adenomas of the pituitary 
evidence of a substance with a stimulating 
effect on the thyroid glands of experimental 
animals. 

The parathyroids in this case are also very 
interesting. Although it is not generally recog- 
nized that the pituitary secretes a hormone that 
acts on the parathyroids, it is tempting to con- 
sider the adenomas found here as evidence of 
such a substance. There is no evidence of the 
usual changes of hyperparathyroidism elsewhere 
in these tissues, but the effect of the manifest 
disorder of bone growth on these glands can 
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Clinico-pathologic Conference 


Fic. 1. A section of the mandibular osteoma. Characteristic features are the heavy trabecula, large areas of 


dense bone and fibrosis of the marrow. The well delimited outline of this tumor was best appreciated in the 
roentgenograms. 


Fic. 2. The adenoma of the pituitary showing almost total necrosis of the cells and interstitial hemorrhage. 
Fic. 3. Thyroid with a typical nodular colloid hyperplasia. 


Fic. 4. Adenoma of the parathyroid. Its mixed character is indicated by the oxyphiles in the upper right 
corner and the chief cells in the remainder of the section. No evidence of hyperparathyroidism was found. 


Fic. 5. Dense cortical bone that formed the thickened and confluent diploe of the skull. 


Fic. 6. A costochondral junction showing thickened trabecula in the marrow cavity and no active bone 
formation to suggest progression of the acromegaly. 
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not be fully assessed in the light of present 
knowledge. The histologic picture as shown in 
Figure 4 is one of a mixed cell type with nodules 
of oxyphil cells as in the upper right corner and 
a predominance of chief cells in the remainder 
of the adenoma. 

The section of the skull illustrated in Figure 5 
is almost uniform cortical bone. There are only 
very small marrow cavities and no evidence of 
especially active resorption or formation of bone. 
We can only offer this as a histologic demonstra- 
tion of an unusual phenomenon. Neither 
anatomic nor physiologic evidence presently 
enables us to explain it. In Figure 6 the can- 
cellous bone beneath a costochondral junction 
shows a degree of the same thickening. This 
photomicrograph also adds to the evidence that 
the pituitary tumor had not been active for 
some time, for characteristically in acromegaly 
there is a resumption of bone formation at 
epiphyses that are not completely ossified, such 
as the costochondral junctions. No such activity 
is apparent here. This phenomenon accounts 
for the characteristic overgrowth of the jaw, for 
the epiphysis of the mandibular condyle nor- 
mally does not close as do those of the bones of 
the extremities. 

In reviewing this case the diabetes is the best 
evidence that there was recent metabolic 
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activity on the part of the tumor of the pituitary. 
The adrenals, for instance, were quite small. 
This is, therefore, a case of acromegaly due 
undoubtedly to an acidophilic adenoma of the 
pituitary, but it is not possible to confirm its 
acidophilic nature or directly evaluate its 
present activity because of the hemorrhagic 
necrosis. The etiology of hemorrhagic necrosis 
in adenomas of the pituitary is unknown. It is 
possible in this case that mechanical force 
transmitted directly up the mandible from the 
operative site might have played a part in dis- 
rupting an inherently abnormal vascular bed 
in the tumor. The only anatomic finding that 
can be related to the cause of the hyperthermia 
is the bulging of the diaphragm of the sella 
turcica caused by the acute hemorrhage and 
necrosis in the tumor. This definitely pressed 
upon the floor of the third ventricle and hypo- 
thalamus, but no acute lesions were discernible 
in the latter structure to gross inspection or in 
microscopic sections. ‘ 

Final Anatomic Diagnoses: Adenoma of the 
pituitary; acromegaly; necrosis and interstitial 
hemorrhage in the adenoma of the pituitary. 


Acknowledgment: Illustrations were made by 
the Department of Illustration, Washington 
University School of Medicine. 
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witz in 1925! thirty-eight instances of an 

unusual disorder characterized patho- 
logically by the presence of widely disseminated 
thrombotic occlusions of terminal arteries, 
arterioles and capillaries have been recorded.?~*4 
While there is now evidence to the contrary, 
most early observers considered that the 
thrombi were composed of platelets or disin- 
tegrated platelet material. 

The common clinical features accompanying 
this pathologic curiosity have been clearly de- 
lineated. Suspicion should be aroused by the 
association of hemolytic anemia and thrombo- 
cytopenic purpura with an illness which is 
febrile and often fulminating. The entity is 
further distinguished by evidence of involve- 
ment of the central nervous system which may 
be transient or progressive in character. All 
reported cases have terminated fatally, usually 
within a few weeks following onset of symptoms. 
The characteristic syndrome has appeared in 
some instances to be a terminal event of a more 
extended 

Clinical investigation has been hampered 
because the correct diagnosis has rarely been 
definitely established during life in the few 
instances in which it has been strongly suspected. 

Singer and associates’® carefully studied the 
hematologic and serologic aspects of a single 
case but were unable to demonstrate a pattern 
which was diagnostically specific. Beigelman”® 
reported an atypical case in which platelet 
thrombi were noted at biopsy of the skin of the 
patient. The significance of this finding was 
apparently not appreciated, however, until 
necropsy. Meacham and co-workers*! have 
recently reported that in the study of a patient 
with prolonged disease, retrospective examina- 


S™ the original description by Moschco- 


tion of sections of the spleen (removed three 
years previously because of hemolytic anemia) 
disclosed multiple arteriolar thrombi. Studies 
at necropsy demonstrated disseminated vascular 
lesions compatible with the diagnosis of throm- 
botic thrombocytopenic purpura. Muscle biopsy 
in the case recently reported by Blackman, 
Cohen and Watson” was not helpful. 

The frequent observation of typical lesions 
involving vessels of the bone marrow in necropsy 
material suggested to us that correct diagnosis 
of this disease might be established before death 
of the patient by means of aspiration of bone 
marrow. To our knowledge this has not hereto- 
fore been accomplished. 

This report presents two cases in which the 
presumptive clinical diagnosis of thrombotic 
thrombocytopenic purpura was confirmed by 
examination of paraffin sections of small frag- 
ments of material obtained from the sternal bone 
marrow by needle aspiration. 


REPORT OF CASES 


1. A _ housewife, twenty-two years of 
age, was admitted on June 5, 1951, complaining 
of weakness, fever and hemoptysis. Her illness 
had apparently begun approximately two 
months before with a cold. Shortly thereafter 
she noted low-grade fever and a cough which 
raised small amounts of sputum which was 
frequently blood streaked. One month later 
roentgenographic and laboratory studies by her 
local physician were said to have given support 
to diagnoses of virus pneumonia and anemia. 
Her condition grew steadily worse despite the 
administration of aureomycin, penicillin and 
four blood transfusions. Following the last trans- 
fusion emesis occurred and the patient was 


* From the Division of Medicine and the Sections of Clinical Pathology, Biochemistry and Pathologic Anatomy, 
Mayo Clinic, Rochester, Minn. 
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unable to lift the right arm for a period of ten 
minutes. 

There was no history of significant familial 
disease. The patient had been generally well 
except for a miscarriage followed by uterine 
dilatation and curettage which occurred in 
July, 1950. Thereafter she was easily fatigued 
but otherwise subjectively well until the onset 
of her current illness. 

Examination revealed pallor, lethargy and a 
poor state of nutrition. There were small ec- 
chymoses at the sites of previous hypodermic 
injections. The temperature was 99.8°F., the 
pulse rate 96 beats per minute, the respiratory 
rate 18 per minute, and the blood pressure 
expressed in millimeters of mercury was 110 
systolic and 60 diastolic. Funduscopic examina- 
tion revealed a single region of soft exudation 
above the left optic disk. No retinal hemorrhages 
were observed. There was slight depression of 
breath sounds in the right axillary zone. Dullness 
over the liver on percussion extended 3 cm. 
below the right costal margin. The tip of the 
spleen was palpable when the patient inspired 
deeply. Shotty inguinal lymph nodes were pal- 
pable. Aside from softness of the corpus uteri, 
the pelvic organs were apparently normal. The 
patient was menstruating. Neurologic examina- 
tion disclosed nothing remarkable. 

Laboratory studies revealed the presence of 
anemia, the value for hemoglobin being 7.5 gm. 
per 100 cc. of blood and for erythrocytes 
1,800,000 per cu. mm. with 12.7 per cent reticu- 
locytes. The leukocyte count was 8,400 and 
platelets numbered 32,000 per cu. mm. of blood. 
Study of stained smears of the blood revealed 
hypochromasia, polychromasia and numerous 
normoblasts. There was no microspherocytosis. 
Toxic changes were present in the neutrophils 
and there was a shift to the left in the myeloid 
leukocytes, occasional stem cells being noted. 

Tests of the fragility of the erythrocytes, using 
both heat and acid, gave normal results. Pro- 
thrombin times (Quick) ranged from 21 to 24 
seconds (normal = 17 to 19 seconds). The 
bleeding time was prolonged and the Rumpel- 
Leede phenomenon of minute subcutaneous 
hemorrhages was easily demonstrated when a 
tourniquet was applied to the upper arm. A test 
for clotting time of the plasma after recalcifica- 
tion gave a value of 183 seconds (normal 
= 60 to 120 seconds). 

Results of serologic tests for syphilis were as 
follows: Kline, 4+; Kahn, 3+; Hinton, posi- 
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tive; and Kolmer, weakly positive. Other tests 
made on serum obtained from this patient dis- 
closed the following constituents to be present 
in the indicated titers: complement (measured 
by use of erythrocytes of sheep), 1:64; hetero- 
phile antibody, 1:128; auto-agglutinins, 1:8, 
iso-agglutinins, 1:16; cold agglutinins, 1:32. 
Coombs’ test gave negative results. 

Bromsulfalein test of liver function revealed 
retention of dye, grade 2. Result of the direct 
test for serum bilirubin was negative but the 
value according to the indirect procedure was 
increased to 2.2 mg. per 100 cc. (normal 
= 0.6 mg. per 100 cc.). Blood urea measured 
30 mg. per 100 cc. Urinalysis gave essentially 
normal results when the patient first registered, 
but subsequent specimens of urine contained 
gross blood. 

Results of other studies, including skin tests 
with tuberculin and histoplasmin, cultures of 
blood and sputum for various bacteria and 
fungi, examination of sputum for malignant 
cells and Friedman test for pregnancy, were all 
negative. 

Roentgenographic examination of the thorax 
revealed pneumonic consolidation involving the 
anterior segment of the upper lobe of the right 
lung and the lateral segment of the middle lobe 
of the right lung. 

Further examination of the patient was 
carried out in an attempt to exclude all but one 
of the three tentative diagnoses following: 
leukopenic leukemia, thrombotic thrombocyto- 
penic purpura and acute disseminated lupus 
erythematosus. 

Aspiration of the sternal bone marrow was 
performed. The myeloid-erythroid ratio was 
1:1.3. Study of films stained by Wright’s method 
revealed hypercellular marrow with normo- 
blastic erythropoiesis and myelopoiesis both of 
which showed a shift to the left, reticuloendo- 
thelial phagocytosis of erythrocytes and pig- 
mented granules. Megakaryocytes appeared 
normal in number but displayed a moderate 
shift to the left and little evidence of forma- 
tion of platelets. Paraffin sections made from the 
solid marrow particles found in the aspirated 
material and stained with hematoxylin and 
eosin revealed hyperplastic marrow. The blood 
vessels were rendered conspicuous by the pres- 
ence of extensive endothelial proliferation, 
dilated segments and finely granular thrombi. 
(Fig. 1.) In some areas there was fibroblastic 
infiltration of the thrombi. Study by means of 
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Fic. 1. Case 1. Section of biopsied bone marrow. Note 
saccular dilatation of blood vessel, endothelial hyper- 
plasia and finely granular thrombotic material with 
cellular infiltration; hematoxylin and eosin X 250. 


special stains was not conclusive as to the nature 
of the thrombotic material. 

The observation of these thrombi, together 
with the clinical features of the case, established 
the diagnosis of thrombotic thrombocytopenic 
purpura. The precise nature of the associated 
pulmonary lesion remained undetermined. 

Because of clinical and pathologic similarities 
between this syndrome and the collagen dis- 
orders, particularly disseminated lupus ery- 
thematosus, a therapeutic trial with cortico- 
tropin (ACTH) or cortisone seemed worth 
while. Accordingly cortisone in a dosage of 
300 mg. daily was administered during the last 
three days of life. General supportive measures, 
including administration of five transfusions of 
blood of 500 cc. each, were also carried out. 
There was no apparent change in the fulminat- 
ing course of the disease nor were the values for 
hemoglobin or erythrocytes significantly im- 
proved following the transfusions. 

The patient remained stuporous and dis- 
oriented with temperature ranging from 99° to 
104.2°r. The skin and sclerae became obviously 
icteric and gross bleeding from all orifices oc- 
curred during the last forty-eight hours. Coma 


and repeated generalized convulsions developed 
during the terminal twelve hours of the patient’s 
illness; however, no signs appeared of focal 
involvement of the central nervous system. 

Necropsy was performed one and a half hours 
after death. The body was emaciated and the 
skin exhibited a few petechiae and ecchymoses. 
Petechiae were present in the pleurae, peri- 
cardial sac, epicardium, peritoneum and gastro- 
intestinal tract. A tumor mass 18 by 14 by 
8 cm. occupied the anterosuperior portion of 
the mediastinum. This mass extended laterally 
into the upper and middle lobes of the right 
lung and the bronchi at the hilus. It sur- 
rounded the great vessels without compressing 
their lumina. The cut surface was yellow-white 
and firm with numerous hemorrhages scattered 
throughout. Dense trabeculae traversed the sub- 
stance of the tumor. Microscopically, it was 
composed of cells with small pyknotic nuclei 
and scanty cytoplasm. There were also a few 
larger cells with vesicular nuclei and more 
abundant cytoplasm. Much of the tumor mass 
was necrotic and in other areas the mass was 
replaced by dense fibrous connective tissue. The 
tumor involved the regional lymph nodes and 
the right lung. The histologic character of this 
tumor was consistent with the diagnosis of malig- 
nant thymoma. 

The heart weighed 285 gm. The pericardial 
sac was infiltrated by tumor but the myocardium 
itself was not involved. Scattered throughout 
the heart in all its layers were numerous pete- 
chiae. Many of the vessels contained thrombi 
made up of masses of hyalin and some fibrin. 
These thrombi were in varying stages of de- 
velopment. (Fig. 2a.) Some of these thrombi 
were organized and recanalized. Saccular and 
fusiform aneurysms of the small arteries and 
arterioles were common and were demonstrated 
by serial sections. 

The lungs were edematous. Two-thirds of the 
upper lobe of the right lung was invaded by the 
mediastinal tumor mass. A nodule 2 cm. in 
diameter was also present in the upper lobe of 
the left lung. The lower lobe of the left lung 
exhibited obstructive pneumonitis. Many of the 
alveolar arteries contained hyalin masses. Su- 
perimposed on the hyalin masses in the wall 
of these arteries were thrombi containing a few 
strands of fibrin and an occasional platelet. 

The spleen weighed 510 gm. The congested 
pulp was replaced by infarcts of varying sizes 
and ages. Both the small and middle-sized 
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Fic. 2. Case 1. (a) Heart; multiple thrombi in arteries of myocardium. (5) Kid- 
ney; thrombus in renal artery with organization. (c) Bone marrow; hyalin body 
in wall of vessel; note megakaryocytes; all hematoxylin and eosin X 375. 


arteries contained hyalin-like masses associated 
with recent and organizing thrombi. Erythro- 
phagocytosis was rampant. Many megakaryo- 
cytes were seen in the spleen. Small foci of 
myeloid metaplasia were noted. 

The enlarged, congested liver contained a few 
petechiae. Microscopic examination revealed 
swollen granular liver cells and many of these 
cells contained an increased amount of bile 
pigments. The reticuloendothelial cells were 
increased in number and contained much iron 
pigment. Only an occasional occluding thrombus 
was seen in the arteries. The gastrointestinal 
tract appeared normal except for the presence 
of small hemorrhages and petechiae. Arterial 
thrombi were present in the mucosa and sub- 
mucosa of the stomach and intestines and ap- 
peared infrequently in the muscle layers. 

The adrenal glands were studded with 
hemorrhages and the cortex was slightly 
atrophic. A few vessels were occluded by hyalin 
thrombi. The kidneys were studded with 
multiple hemorrhages. Thrombi were present 
in the medium-sized arteries. These lesions 
appeared to be organizing. (Fig. 2b.) The 
glomeruli showed an increase in the number of 
endothelial cells and the basement membrane 
and Bowman’s capsule were thickened. 
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The grossly normal pancreas showed many 
thrombi in the arteries and arterioles accom- 
panied by endothelial proliferation and early 
organization. 

The lymph nodes contained many arteriolar 
thrombi. In one of the peribronchial lymph 
nodes there were many giant cells which re- 
sembled megakaryocytes. 

The bone marrow was hyperplastic and the 
walls of a few vessels contained thrombi or 
hyalin bodies. (Fig. 2c.) Most of these appeared 
to be at a more advanced stage of development 
than those seen elsewhere. Megakaryocytes were 
numerous. 

The brain exhibited a moderate degree of 
edema. Perivascular and perineural spaces were 
distended, with small hemorrhages about the 
smaller vessels. A few perivascular spaces con- 
tained phagocytes filled with iron pigment. No 
arterial thrombi were noted in the many sections 
examined. 

Multiple thrombotic lesions with scattered 
hemorrhages were noted in sections from the 
psoas and rectus abdominis muscles. 

The final pathologic diagnosis included the 
following: (1) malignant thymoma of the an- 
terior mediastinum with invasion of the peri- 
cardium and metastasis to the mediastinal 
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lymph nodes and right lung; (2) thrombotic 
thrombocytopenic purpura with multiple throm- 
bi in various organs; (3) multiple hemorrhages of 
all organs; (4) splenomegaly with multiple in- 
farcts and (5) organized bronchopneumonia. 

Case 1. A male railway employee, forty- 
eight years of age, was admitted to the clinic and 
was hospitalized twenty-four hours after an 
episode of confusion during which he had driven 
his car on the wrong side of a busy street. He 
complained of headache on the right side. His 
persistent confusion made an accurate history 
of his illness difficult to obtain. However, rela- 
tives stated that the patient had not felt well 
for a period of two months. For three weeks he 
had seemed pale and “yellowish,” and had 
noted that he bruised easily. There was no known 
history of drug administration, allergy, or other 
significant disease involving the patient or 
members of his family. 

On admission his temperature was 101°F. and 
blood pressure was 125 mm. of mercury systolic 
and 75 diastolic. The patient was disoriented 
and confused, and he appeared jaundiced. 
Numerous petechiae and ecchymoses were 
scattered over the trunk and extremities. There 
was a left hemiparesis with conjugate deviation 
of the eyes to the right. No significant abnormali- 
ties were seen in the ocular fundi. There was no 
palpable enlargement of liver, spleen or lymph 
nodes. 

Laboratory examination revealed anemia, 
the value for hemoglobin being 6.6 gm. per 
100 cc. of blood and for erythrocytes 2,170,000 
per cu. mm. Values for leukocytes varied from 
9,100 to 25,200 per cu. mm. of blood and a 
single determination of platelets gave a value 
of 30,000. Examination of stained smears of the 
blood disclosed the presence of occasional 
microspherocytes, extensive polychromasia and 
rather numerous normoblasts. There was a 
shift to the left of the myeloid elements which 
extended as far as the level of progranulocytes. 
Reticulocytes were present in large numbers 
(31.2 per cent). The bleeding time was pro- 
longed to 17 minutes, but coagulation time was 
normal. Prothrombin times (Quick) ranged 
from 23 to 28 seconds. 

A flocculation test for syphilis gave negative 
results as did Coombs’ test. The titer of com- 
plement in the serum was 1:64 and heterophile 
antibody was present to a titer of 1:32. There 
were no cold agglutinins. The bromsulfalein test 
for liver function revealed retention of dye, 


grade 1. Other tests of liver function (thymol 
turbidity, zinc sulfate turbidity and cephalin- 
cholesterol flocculation) gave normal results. 

Studies of chemical constituents of the blood 
gave the following results: 5.0 gm. of serum 
albumin per 100 cc. and 2.6 gm. of serum 
globulin. The value for urea ranged from 80 to 
112 mg. per 100 cc. The concentration of 
potassium was 3.3 mEq./L. 

Urinalysis revealed albuminuria, grade 2 (on 
the basis of grade 1 to 4 where grade 1 is mini- 
mal and grade 4 maximal), and microhematuria, 
grade 2. 

Roentgenographic studies of the thorax and 
head gave normal results. 

A provisional diagnosis of idiopathic acquired 
hemolytic anemia with associated thrombocyto- 
penia was made. However, the prominent 
neurologic aspects of the case, attributed to 
hemorrhagic encephalopathy, suggested the 
possibility of thrombotic thrombocytopenic 
purpura. 

Treatment with 200 mg. of cortisone and 
600,000 units of penicillin daily was instituted. 
Four days later the platelets numbered 71,000 
per cu. mm. of blood and the bleeding time was 
614 minutes. The patient’s mental state, how- 
ever, ranged from confusion to transient coma, 
and nystagmus of central type developed. Four 
transfusions of 500 cc. of blood failed to alter the 
hemoglobin or erythrocyte values. 

On the ninth day after admission, following 
previous unsuccessful attempts because of the 
patient’s inability to cooperate, a specimen of 
the sternal bone marrow was obtained by 
needle aspiration. The myeloid-erythroid ratio 
was 1:2.07. Study of films stained by Wright’s 
method revealed a very cellular preparation 
with normoblastic erythropoiesis and myelo- 
poiesis both of which were shifted to the left. 
Megakaryocytes appeared adequate in number, 
although shifted to the left, and showed little 
evidence of normal production of platelets. 
Reticuloendothelial phagocytosis of erythrocytes 
and pigment granules was noted. Paraffin sec- 
tions made from solid marrow particles removed 
in the course of needle aspiration and stained 
with hematoxylin and eosin revealed hyper- 
plastic marrow. The blood vessels were con- 
spicuous because of moderate endothelial pro- 
liferation and dilated segments with finely 
granular thrombi occluding the lumina. (Fig. 3.) 
Fibroblastic proliferation was noted throughout 
the substance of some of the thrombi. Study by 
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Fic. 3. Case 11. Section of biopsied bone marrow. Note 
saccular dilatation of blood vessel and finely granular 
thrombotic material invaded by fibroblasts. Endo- 
thelial proliferation not as marked as in Figure 1; 
hematoxylin and eosin X 365. 


means of special stains failed to reveal the exact 
nature of the thrombotic material. These find- 
ings were regarded as corroborative evidence 
for the diagnosis of thrombotic thrombocyto- 
penic purpura. 

On the tenth day melena appeared. There- 
after the condition of the patient progressively 
deteriorated until he suddenly became comatose 
and died two weeks after admission. 

Necropsy examination was performed two 
hours after death. Petechiae and ecchymoses 
were scattered throughout the skin. Petechiae 
were present in the peritoneum, pericardium, 
larynx, trachea, lungs, capsule of the liver, 
gastrointestinal tract and brain. 

The heart weighed 410 gm. The pericardium 
was studded with petechiae and _ scattered 
ecchymoses.’ There was 75 per cent occlusion of 
the right coronary artery at a point 6 cm. from 
its origin which was the result of atherosclerosis, 
and which had caused the formation of numer- 
ous small healed infarcts. Almost all of the 
smaller arteries contained multiple hyalin-like 
bodies in the walls or extended hyalin masses 
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Fic. 4. Case 1m. (a2) Heart; multiple thrombi in vessels 
with organization in one. Note hyalin body in wall of 
smaller vessel; hematoxylin and eosin X 250. (6) Ad- 
renal; hyalin body in wall of vessel with elevation of 
endothelium; hematoxylin and eosin X 320. (c) Brain; 
multiple thrombi with focal areas of degeneration in 
perivascular spaces; hematoxylin and eosin X 300. 


with thrombi. (Fig. 4a.) Areas of degeneration 
of the myocardium were infrequent when 
compared to the large number of thrombi. 
Superimposed on many of the hyalin bodies in 
the walls of the vessels were recent thrombi which 
appeared to be propagating. Some of the occlud- 
ing masses were undergoing’ organization or 
had been organized and recanalized. Study of 
sections stained by the Mallory phosphotungstic 
acid method revealed a few strands of fibrin in 
some of the thrombi. Platelets were infrequently 
seen. 

The lungs exhibited numerous petechiae on 
the pleural surfaces. Focal regions of broncho- 
pneumonia and hemorrhage were scattered 
throughout both lungs. The patchy broncho- 
pneumonia was accompanied by _ purulent 
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bronchitis. The alveolar walls were infiltrated 
with lymphocytes and plasma cells. Many of the 
alveolar arteries were occluded. Some arterial 
walls showed hyalin masses under an intact 
endothelium. The hyalin mass occasionally 
protruded into the arterial lumen with elevation 
of the intact endothelium over the surface. In 
some instances the hyalin masses were com- 
pletely extruded into the lumen of the vessel and 
were surrounded on all surfaces by endothelial 
cells. Many of these hyalin bodies appeared to 
be the site of origin of secondary thrombi made 
up of fibrin, fibroblasts and rarely platelets. In 
an occasional thrombus active fibroblastic pro- 
liferation could be seen. Others demonstrated 
complete organization with recanalization. Ac- 
companying the thrombi and weakened arterial 
walls were saccular and fusiform aneurysmal 
dilatations. Occasional multinucleated giant 
cells resembling megakaryocytes were present 
in the capillaries of the alveolar walls. 

The congested spleen weighed 195 gm. 
Throughout the sinuses and the pulp were 
numerous phagocytes containing erythrocytes. 
This erythrophagocytosis was accompanied by 
deposits of hemosiderin in the mononuclear 
phagocytes. A few arterial’ thrombi were 
seen. 

The liver weighed 2,135 gm. Microscopic 
study revealed increased granularity of the 
hepatic cells with condensation of pigment in the 
cells near the central vein. Many of these cells 
were necrotic. Reticuloendothelial cells were 
numerous and contained iron pigment. In the 
periportal spaces many vessels were involved 
by the thrombotic process, which was in various 
stages of development. 

Numerous petechiae were present in the 
esophagus and stomach. The latter contained 
partially digested blood. An acute ulcer of the 
duodenum measured 0.5 cm. in diameter. 
Arteriolar thrombi were scattered throughout 
the mucosa and there was infarction of the 
superficial layers. 

The pancreas was normal on gross examina- 
tion. Hyalinized vessel walls and occluding 
thrombi were scattered throughout the sub- 
stance of the pancreas with very little evidence 
of hemorrhage. 

The lymph nodes showed reticuloendothelial 
hyperplasia associated with erythrophagocyto- 
sis, and numerous phagocytes contained hyalin 
and fat droplets. The arteries of the lymph nodes 
had thrombi and hyalin masses in the walls. 


The thyroid and parathyroid glands showed 
arteriolar thrombi throughout their structures. 

The cortex of the adrenal gland showed deple- 
tion of lipoid material and atrophy. Hemor- 
rhages were scattered throughout the cortex 
and medulla. Many arteriolar thrombi in all 
stages of development and organization were 
present. (Fig. 40.) 

The kidneys were slightly enlarged. The 
glomeruli exhibited proliferation of endothelial 
cells with thickening of Bowman’s capsule. The 
afferent arterioles were hyalinized, thickened 
and revealed changes similar to those seen in 
amyloid disease. Study of sections of these 
vessels with special stains revealed no amyloid. 
Many of the granular tubules were undergoing 
necrosis. Granular, hyaline and pigment casts 
were seen in the tubules. 

The bone marrow was hyperplastic. Numer- 
ous phagocytes containing iron pigment were 
scattered throughout the marrow. The smaller 
vessels were occluded by hyalin masses or 
thrombi or both. Megakaryocytes were normal 
in number. Erythrophagocytosis was present. 

The brain was edematous. The cut surfaces 
revealed multiple petechiae and depressed peri- 
vascular areas. Many of the vessels in the brain 
were occluded by thrombi, most of which were 
associated with hyalin masses within the vessel 
walls. (Fig. 4c.) The occlusions of the vessels 
resulted in small infarcts. There were many 
more infarcts in the brain than in other organs. 
The pituitary gland showed several infarcts 
accompanying occluded vessels. 

Thrombotic lesions and scattered hemor- 
rhages were observed in sections from the psoas 
and rectus abdominis muscles. The sections of 
skin showed no thrombotic lesions. 

The final pathologic diagnosis included the 
following: (1) thrombotic thrombocytopenic 
purpura with multiple thrombi in the heart, 
lungs and other organs; (2) petechiae and 
hemorrhages in the lungs, brain and other 
organs; (3) multiple small infarcts of the heart 
and brain and (4) bilateral bronchopneumonia. 


COMMENTS 


Clinical Features. While the over-all clinical 
features of both cases seemed to justify the pre- 
sumptive diagnosis of thrombotic thrombo- 
cytopenic purpura, some aspects of the first 
case were atypical. The true nature of the 
pulmonary lesion in this patient was not estab- 
lished during life. Whether the locally invasive 
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thymoma, which presented widespread areas of 
necrosis, was causally related to the develop- 
ment of the presenting syndrome is a matter of 
speculation. Instances of antecedent or coexist- 
ing syndromes of “‘arthritis’’’ clinically re- 
sembling disseminated lupus erythematosus,”° 
tuberculosis and proliferative glomerulitis,'*.?* 
have been recorded but we are not aware of 
previous reports of the occurrence of this syn- 
drome in association with neoplastic disease. 
It is conceivable that the disorder in this patient 
was initiated in response to the products of 
tumor necrosis. 

While stupor and disorientation succeeded 
by coma and generalized convulsions were 
prominent manifestations in the first case, 
careful study of multiple sections of brain tissue 
revealed none of the characteristic vascular 
lesions. The pathologic picture was rather that 
of cerebral edema with scattered small hemor- 
rhages compatible, in a non-specific manner, 
with the findings which might be anticipated 
in a febrile illness complicated by severe anemia 
and thrombocytopenia. 

Laboratory Features. Fortuitously perhaps, 
needle aspiration of the sternal bone marrow 
done only once in each case provided bits of 
marrow tissue in sections of which the charac- 
teristic lesions of thrombotic thrombocytopenic 
purpura were readily demonstrable. It may be 
reasonably expected that multiple aspirations 
may be necessary to accomplish this when 
lesions are not widely disseminated throughout 
the marrow substance. Preparation of ordinary 
films of the marrow cannot be expected to yield 
specific diagnostic information of this type. 

Muscle biopsy may be helpful in some in- 
stances. Characteristic lesions were present in 
all sections of skeletal muscle examined follow- 
ing necropsy in our Cases. 

Early observers attributed the characteristic 
thrombocytopenia of this syndrome to the pe- 
ripheral dissipation of platelets in the formation 
of multiple “‘platelet” thrombi. Meacham and 
co-workers,”! however, have emphasized the 
inconclusive nature of the evidence cited in 
support of this concept. Our studies, in agree- 
ment with observations of Gore!* and Orbison, 
indicate that the occluding thrombi are most 
often derived from subendothelial deposits of 
hyalin-like material. Thrombi containing plate- 
lets and fibrin may develop at such sites of 
endothelial involvement. 

In stained films of blood obtained from the 
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marrow megakaryocytes appeared in normal 
or increased numbers. The majority of these 
cells appeared immature and overt evidence of 
normal formation of platelets was absent. We 
are inclined to share the opinion that the 
thrombocytopenia in these patients is chiefly the 
result of underproduction rather than over- 
utilization of platelets. However, the possibility 
of a combination of these mechanisms cannot 
be denied. 

All available evidence seems to support the 
view that the anemia in these patients is hemo- 
lytic in origin. However, neither our observa- 
tions nor those recorded in the literature eluci- 
date the precise mechanism involved. Increases 
in fragility of erythrocytes have been incon- 
sistently demonstrated and efforts to demon- 
strate abnormal plasma factors have been gen- 
erally fruitless. The positive results of the 
serologic tests for syphilis encountered in our 
first patient were apparently caused by biologic 
false positive reactions. This phenomenon might 
suggest an associated immunologic disturbance 
but these tests provide no information of 
specific value. Similar serologic reactions were 
noted in the cases of thrombotic thrombocyto- 
penic purpura reported by Brown and Norman.’ 

Reticuloendothelial hyperplasia and erythro- 
phagocytosis were prominent features noted on 
histologic examination of the hematopoietic 
tissues, suggesting, as does the absence of 
hemoglobinuria in reported cases, that the site 
of blood destruction is not intravascular. 

Necropsy revealed that, aside from the evi- 
dence of reticuloendothelial hyperplasia and 
erythrophagocytosis just mentioned, the most 
significant changes were those characteristically 
involving the vessels. In both cases a peculiar, 
focal, hyalin-like change in the walls of the small 
arteries and arterioles appeared to be the initial 
lesion. In association, partial or complete 
occlusion of the involved vessel occurred either 
by (1) encroachment on the lumen by pro- 
trusion of the mural lesion, the endothelial lining 
of the vessel remaining intact; or (2) extrusion 
of the hyalin-like substance from the wall into 
the lumen; or (3) propagation of a fibrin or 
platelet thrombus from the site of endothelial 
damage or rupture associated with a mural 
lesion or (4) propagation of thrombus on an 
extruded mural mass. The occluding masses 
exhibited varying degrees of organization rang- 
ing from infiltration by a few proliferating 
fibroblasts to complete obliteration of the 
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lumen with recanalization of an organized 
thrombus. The lumina of the vessels were in- 
completely occluded in most instances. As a 
result associated infarction was infrequently 
observed except in the brain and myocardium, 
tissues which are sensitive to impairment of their 
blood supply. The kidneys, spleen, lymph nodes 
and lungs presented the greatest number of 
thrombotic vessels but no organs were free of 
involvement. 

The material in the walls of involved vessels 
is not unlike the hyalin material seen in the 
kidneys in disseminated lupus erythematosus 
and it resembles the hyalin bodies described by 
Klemperer. There was no evidence of arteritis 
with the exception of the rare occurrence of 
secondary changes in areas of infarction. Many 
of the vessels which were involved presented 
saccular and fusiform aneurysmal dilatations 
of the type described by Orbison.”* 

Whether the vascular lesions are primary or 
are secondary to the effects of intraluminal for- 
mation of thrombi from platelets has been a 
subject of controversy. Our observations lead 
us to hold the former view. The concept that 
the thrombotic lesions in this disease are com- 
posed of platelets or platelet material is based 
largely on studies of the reaction of sections of 
the involved tissues to various stains. Orbison?* 
pointed out that no known stains have a specific 
or exclusive affinity for platelets and that the 
strictly intramural lesions react in exactly the 
same way as do the platelets and intramural 
occlusive material when these lesions are exposed 
to the same stains. 

Occasional petechial hemorrhages in areas 
independent of vascular occlusion were ob- 
served and were attributed to the associated 
thrombocytopenia and possibly also to the 
morphologically insignificant effect of the 
unidentified vascular “‘toxin’’ responsible for 
the characteristic lesions. 

Pathogenesis. The cause of this spectacular 
disturbance remains undetermined. The possi- 
bility of an underlying reaction of hypersensi- 
tivity, particularly to drugs, has been suggested 
in some reports. At present, evidence in support 
of such a concept seems fragmentary. In some 
instances the syndrome has appeared to follow 
infections, particularly of the respiratory tract, 
but there is no evidence that would implicate a 
specific bacterium or virus as a direct cause of 
thrombotic thrombocytopenic purpura. 

There is no evidence to suggest a cause and 
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effect relationship between the hematologic 
and the vascular aspects of this syndrome. Quite 
likely they represent independent responses to 
the causative mechanism. 

Pathologic and clinical similarities between 
this process and disseminated lupus erythema- 
tosus, which is occasionally complicated by 
the development of hemolytic anemia and 
thrombocytopenia, might be pointed out but 
the differences are equally striking. Of some 
interest was the absence of “‘L. E. cells’ in the 
preparations of marrow that were examined in 
our cases. Nevertheless, the syndrome appears 
to be most readily catalogued at present as a 
new member of the group of so-called collagen 
diseases. 

Perhaps establishment of the diagnosis at an 
earlier stage of the process, as seems possible by 
study of sections of the marrow as described 
herein, may allow more detailed consideration 
of the natural history of the disease and give 
rise to appropriate clinical investigation of its 
pathogenesis. 

Treatment. All cases thus far reported have 
terminated fatally. Splenectomy as a last resort 
has been uniformly futile. Interestingly, splenec- 
tomy in the case reported by Meacham and 
associates*! resulted in improvement and survival 
for three years. At the time of splenectomy 
this patient presented the relatively com- 
mon problem of idiopathic acquired hemolytic 
anemia without the other clinical features 
usually associated with thrombotic thrombo- 
cytopenic purpura. It seemsunlikely, however, 
that splenectomy can be expected to offer more 
than temporary palliation at best. 

The results of treatment with corticotropin 
or cortisone in our cases and in the case reported 
by Meacham and associates”! were unimpres- 
sive. However, administration of these agents at 
an earlier stage of the disease or for more 
extended periods should be considered. 

The course of the disease has not been 
measurably influenced by employment of various 
supportive measures including multiple blood 
transfusions. 


SUMMARY 


Two cases of thrombotic thrombocytopenic 
purpura are reported in which the clinical 
diagnosis was verified before death by demon- 
stration of typical vascular lesions in micro- 
scopic sections of aspirated bits of sternal bone 
marrow. 
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Our experience demonstrates a readily avail- 
able and relatively simple means of establishing 
a Clinical diagnosis which heretofore has been 
made only with difficulty. 
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Rupture of Echinococcus Cysts into the Bile 


Ducts Simulating Stones in the Common Duct’ 


Dona.p H. ATLAs, M.D. and HAROLD KAMENEAR, M.D. 


Chicago, Illinois 


HE rupture of a hydatid cyst of the liver 
| into the biliary passages, producing a 
symptom complex characterized by ana- 
phylaxis, urticaria followed by severe epigastric 
colic, chills, fever and jaundice simulating 
obstructive cholelithiasis, is well known in the 
countries where echinococcosis is prevalent. 
Perusal of the standard textbooks of tropical 
medicine reveals no description of this syn- 
drome. Belding! mentions the urticarial reac- 
tions associated with rupture of the cyst but 
fails to describe the other components of the 
syndrome. Faust,? Manson,° Stitt* and Culbert- 
son® make no reference to this clinical pattern. 
Bockus® mentions the rupture of a cyst into the 
biliary ducts producing pain, jaundice and a 
“virulent” cholangitis. The best and most com- 
plete description of this entity is found in the 
comprehensive monograph by Dew.’ Only a 
few papers dealing with this subject could be 
found in the North American literature,*~!? and 
these were derived principally from the experi- 
ences of foreign authors. !*:!4 
With recent shifts in world population and the 
arrival of immigrants from areas where hydatid 
disease is prevalent it is expected that the 
disease will be more frequent in this continent. 
It is our purpose to direct attention to this 
syndrome and to report our experience with two 
cases in immigrants. Since this syndrome simu- 
lates biliary colic due to stones in the common 
duct, an awareness of the symptom complex will 
enable the physician to establish the diagnosis 
and institute the proper surgical approach. 
Poore et al.'® reviewed the case records of all 
patients with echinococcus cysts seen at the 
Mayo Clinic up to 1949. The liver was the 
primary site in forty patients. The diagnosis in 
this group was based on history, skin test, 
clinical findings, roentgenograms of the liver, 
or on the finding of hydatid cysts at surgery. 
Fourteen (35 per cent) of the patients gave a 
history of jaundice during some of their attacks 


of biliary pain. Ten (25 per cent) of the forty 
gave a history of vague right upper quadrant 
pain. Poore!® reported an additional typical 
case in an itinerant fifty-four year old Greek 
immigrant who had symptoms of recurring 
jaundice, chills and fever with severe epigastric 
pain. The eosinophil count was 34 per cent. 
The skin and complement fixation tests were 
positive. At surgery, a large echinococcus cyst 
of the right lobe of the liver was found, with 
three daughter cysts up to 1.5 cm. in diameter 
obstructing the common duct. The patient 
made an uneventful recovery. Poore’® reported 
that less than 25 per cent of the cases he re- 
viewed had a significantly elevated eosinophil 
count. Dew’ discusses the various types of severe 
anaphylaxis due to sudden release of large 
amounts of protein-containing fluid from the 
cysts. He emphasizes that if an accurate history 
of all cases of hydatid cysts containing daughter 
cysts were obtainable, it would be found that 
the patients had suffered at one time or another 
from obscure attacks of pain, frequently associ- 
ated with urticarial eruptions. He believes that 
the colicky nature of the pain of rupture is due 
either to a suppurative process with or without 
hepatitis or to the passage of débris or mem- 
branes down the bile ducts. He points out that 
in some cases the sudden onset of pain caused 
by rupture into a biliary duct is the first indica- 
tion of the disease. He believes jaundice to be 
present in 80 per cent of the patients and makes 
the startling statement that in Australia “the 
occurrence of jaundice with hepatomegaly is 
more likely to be due to hydatid disease than 
to migrating stones.”’ 

Oosthuizen"‘ states that in the liver a majority 
of cysts are silent but that they may leak into the 
bile duct, discharging their contents and leading 
to an obstructive jaundice with biliary colic 
which is usually mistaken for calculus cho- 
lecystitis. Perkins'® mentions in a case report 
that rupture may occur with chills, fever and 


* From the Departments of Medicine of The Chicago Medical School and the Mount Sinai Hospital, Chicago, IIl- 
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jaundice. Gennaro’ reported a case in a thirty- 
four year old Italian female and cautions that the 
frequent errors connected with the diagnosis are 
due to the lack of awareness of the existence of 
the disease in North America. He describes the 
typical symptomatology of the syndrome in 
detail. The case of a twenty-five yearold Greek 
housewife with symptoms of jaundice, epi- 
gastric pain, nausea, vomiting and fever is 
recorded in the Case Records of the Massa- 
chusetts General Hospital.!! Arce!® states that 
rupture of the cyst into the biliary system may 
give rise to biliary colic or to obstruction of the 
bile duct by daughter cysts, fragments of mem- 
branes, etc. Weinberg!” reported the case of an 
American-born white male who apparently 
contracted the infection in France during 
World War I. Typical symptoms of intermittent 
common duct obstruction were present. 


CASE REPORTS 


Case 1. This forty year old white male 
physician who had emigrated from Palestine 
was admitted to Mount Sinai Hospital on 
December 18, 1939,* complaining of attacks of 
severe epigastric pain with vomiting, of three 
weeks’ duration. He gave a history of vague 
abdominal discomfort following meals for the 
past two years. 

On the evening following admission he 
suffered chills and fever for several hours and 
his urine became dark. His temperature was 
100°F., blood pressure 142/90, pulse 74, 
respirations 20. The skin and conjunctivae were 
moderately icteric. ‘The liver, kidney and spleen 
were not palpable. There was moderate tender- 
ness in the epigastrium. The icteric index was 
35. A diagnosis of acute cholecystitis with 
obstructive jaundice and cholangitis due to 
calculus in the common duct was made. His 
symptoms and jaundice quickly subsided and 
he was discharged on December 26, 1939, with 
no complaints. His second admission was 
January 11, 1940, at which time he complained 
of severe right upper quadrant colicky pain of 
three days’ duration. He appeared moderately 
ill with a temperature of 103°F., pulse 104, 
respirations 26, blood pressure 130/72. There 
was considerable tenderness in the epigastrium. 
He again appeared visibly jaundiced. On the 
following day he had a violent chill and the 
jaundice deepened. Again a diagnosis of the 
‘Charcot syndrome” of intermittent cholangitis 

* Service of Drs. I. M. Trace and A. Strauss. 
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with stones in the common duct was made. The 
jaundice gradually decreased and the liver 
became palpable 5 cm. below the costal margin. 
During the course of his illness a persistent 
eosinophilia up to 35 per cent was observed. 
On January 26th laparotomy was performed 
through a right upper quadrant rectus incision. 
A large echinococcus cyst of the left lobe of the 
liver was revealed and several small daughter 
cysts were found upon exploration of the com- 
mon duct. No cysts were found within the gall- 
bladder although the mucosa was edematous. 
Wet smears from the specimens obtained showed 
typical echinococcosus scolices with hooklets. 
The patient made an uneventful recovery and 
was discharged on February 21, 1940. 

CasE u. This forty-two year old white male 
Hungarian immigrant janitor was admitted to . 
the Mount Sinai Hospital* on November 6, 
1950, because of sudden onset of severe epi- 
gastric colicky pain with vomiting. He was 
treated for severe generalized urticaria one week 
prior to admission, with complete alleviation of 
symptoms following treatment with antihista- 
minic drugs. The patient was visibly icteric and 
there was considerable tenderness in the right 
upper quadrant. The liver edge was palpable 
two to three fingers below the right costal 
margin and was smooth, firm and moderately 
tender. A diagnosis of common duct obstruction 
due to stone was made. Acute pancreatitis was 
also considered as a possibility. Epigastric pain 
and vomiting were continuous in the first few 
days of the hospital course. 

The white blood count on November 12th 
was 34,000 with 75 per cent eosinophils, and a 
diagnosis of echinococcus cyst of the liver with 
rupture into the common duct was suspected. 
The cephalin flocculation test was persistently 
4+ positive and the thymol turbidity was 
3 units; 4.1 mg. urobilinogen were excreted in 
the urine during a twenty-four-hour period on 
November 14th and 4.9 mg. on December Ist. 
The corrected Westergren sedimentation rate 
was 28 mm. in one hour. Stool analysis revealed 
large numbers of eosinophils but no parasites or 
cystic forms. Graham-Cole examination failed 
to visualize the gallbladder, and no calculi 
could be seen on a flat plate of the abdomen. 
On November 17th the white count fell to 
19,400 with 75 per cent eosinophils. The RBC 
was 4,990,000 and the platelets 207,000. The 
hemoglobin was 15.6 gm. per 100 per cent. 

* Service of Dr. E. B. Freilich. 
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The highest blood cholesterol value was 264 mg. 
per cent with 169 mg. per cent esters. The 
maximum total serum bilirubin content was 
3.6 mg. per cent. The icteric index, which 
reached 38, subsided to normal range before 
the patient was discharged on December 9th. 
Sternal marrow aspirated on November 17th 
was considered normal except that the majority 
of the granulocytic cells were eosinophils and 
constituted over 70 per cent of the nucleated 
forms. On November 25th the patient was still 
jaundiced and the liver size was unchanged. 
Complement fixation test for echinococcosis was 
positive. The Casoni skin test with fresh antigen 
of echinococcus gave a wheal 1.5 cm. in diame- 
ter, with a 3 cm. erythema zone, and was inter- 
preted as positive. Surgery was refused by the 
patient. He was discharged on December 9, 1950. 

The patient was admitted to another hospital 
on May 16, 1951, complaining of severe right 
upper quadrant cramping pain radiating to the 
back with constant vomiting of two days’ dura- 
tion. A small mass was palpable in the right 
upper quadrant and a diagnosis of empyema of 
the gallbladder was considered. Surgical ex- 
ploration of the abdomen revealed a_ large 
hydatid cyst of the right lobe of the liver, the 
size of an orange, and acute cholecystitis with 
daughter cysts in the common duct and gall- 
bladder. Cholecystectomy was performed, the 
hydatid cyst was evacuated and the cavity 
packed with iodoform gauze. The patient made 
an uneventful postoperative recovery except for 
a temperature rise to 102°F. on the third post- 
operative day. He was discharged ten days after 
admission. Subsequent examination of the 
patient revealed him to be in good health, with 
no abnormal findings. The red blood count was 
4,790,000, hemoglobin 14.5 gm. per cent, white 
blood count 8,450,000. The differential count 
was normal and there was no eosinophilia. 


COMMENT 


Only two points serve to differentiate this 
syndrome of “‘pseudocholelithiasis” from true 
calculi in the biliary ducts: (1) anaphylactic or 
urticarial reactions and (2) eosinophilia. Al- 
though present in both of our cases, eosinophilia 
according to Dew’ is found in only 25 per cent 


of the patients with this disease. It has been 
categorically stated that echinococcal disease is 
always contracted outside of the continental 
limits of the United States. All cases in the 
literature confirm this axiom. The disease may 
be overlooked because of the long latent period 
between the time of contraction of the disease 
and its clinical appearance. 


SUMMARY 


Attention is directed to the syndrome of 
“‘pseudocholelithiasis’” due to the rupture of 
echinococcus cysts into the bile ducts. The 
salient features of this symptom complex are 
anaphylactic or urticarial symptoms, inter- 
mittent chills, fever and obstructive jaundice. 
Marked eosinophilia may occur. Two cases of 
the syndrome are presented. 
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Widely prescribed as one of the safest 


p A B A LAT and most effective preparations specifically 


formulated for antirheumatic therapy 


Provides prompt, prolonged pain relief 
by synergistic action of salicylate and 


para-aminobenzoic acid 


Now available also as... 
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SODIUM FREE 


For use when sodium intake is restricted 
in management of the rheumatic or 


arthritic patient — 


in congestive heart failure, essen- 
tial hypertension, glomerulonephritis, 
pregnancy, and other complications— 


OFr in conjunction with ACTH or cor- 
tisone therapy. Smaller doses of cor- 
tisone are required when salicylate’ 
or para-aminobenzoic acid? is used in 
conjunction with the hormonal regime. 
Pabalate-Sodium Free thus offers the 
advantages of reduced expense for 


the patient and fewer side reactions, 
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Each enteric-coated tablet of Pabalate-Sodium Free (Persian 
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76.6% of patients 
preferred 


EURA} 


‘relief 


pruritus” 


In a recent study! of 200 cases of itching dermatoses, 76.6% 
of all patients who had had previous experience with 
other antipruritics expressed a preference for EuRAXx Cream. 


In this study, as in previous reports*®, Eurax Cream produced 


complete relief of itching in approximately 65 per cent 
of cases, and partial relief in most of the remainder. 


Other favorable features of EURAx Cream that were 
again confirmed include: 


Prolonged effect lasting up to 8 hours or more. 
No loss of effect on continued use. 
Virtually complete lack of sensitizing or toxic properties. 


. not an antihistaminic or a -caine derivative . . . is indicated 


Bibliography 


for prompt, prolonged relief of itch in practically all forms 
of dermatosis including pruritus due to administration 

of antibiotics. 

Eurax Cream* (brand of crotamiton cream) contains 10% 


N-ethyl-o-crotonotoluide in a vanishing-cream base. 
Tubes of 20 Gm. and 60 Gm. and jars of 1 lb. at your local pharmacy. 
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EURAX . . 


diuretic 
of choice 


in acute 


or severe YHYDRIN 
congestive = 


failure 


The importance of MERCUHYDRIN 
Sodium in relieving the “drowning” 
heart has made it a fulcrum of 

the therapeutic regime in acute or 
severe congestive failure. In pulmonary 
edema or paroxysmal nocturnal 
dyspnea, the prompt, effective 

action of MERCUHYDRIN may be a 
life-saving measure, as demonstrated 
by extensive clinical experience. 
Unexcelled for draining edematous 
tissues, well tolerated locally 

and systemically, MERCUHYDRIN 

is an agent of choice for 

initiating diuretic therapy. 
MERCUHYDRIN Sodium (brand 

of meralluride sodium) is 

available in 1-cc. and 2-cc. 

ampuls and 10-cc. vials. 
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—safe and effective whenever 


laxation is indicated ; 


Phospho-Soda (Fleet) is a solution 
containing in each 100 cc. 
sodium biphosphate 48 Gm. and 
sodium phosphate 18 Gm. Both 

_ ‘Phospho-Soda’ and ‘Fleet’ are 


registered trademarks. 


Coe. Pacer -CO., ING. 
LYNCHBURG, VIRGINIA 
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MODERN DRUG 
ENCYCLOPEDIA 


AND THERAPEUTIC INDEX 


to give you 
UP-TO-DATE, finger-tip reference on nearly 4000 
Ethical Drugs (including 1500 brand new listings) 
of 175 manufacturers. Over 50,000 satisfied users 
find the MODERN DRUG ENCYCLOPEDIA is 
the only publication that provides a complete 
cross-reference desk service—the only encyclope- 
dia that provides the means (through MODERN 
DRUGS quarterly supplements) to keep you 
informed of continuing new drug descriptions. 


Edited by 
HOWARD, M.D., F.A.C.P. 
ical School 


speuthoritative for the latest composition, 
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a new therapeutic 


KER BAN RS. 
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agent for HAY FEVER 


Piromen aiteviates the immediate symptoms of pollenosis, 
and maintains effective control. Even cases which have failed 

to show improvement to desensitization and antihistaminics 

usually respond promptly to the administration of PrROMEN. 


PYTOMEN js a\so useful in the treatment of many other 
allergies and dermatoses. 


Piromen is supplied in 10 cc. vials containing 4 gamma 
(micrograms) per cc. and in 10 cc. vials containing 10 
gamma per cc. 


Piromen on your Rx will bring you our new booklet 
detailing the use of this new therapeutic agent. 
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selective 
anticholinergic gives 


unparalleled freedom from side effects Chy 


Methylsulfate 


for peptic ulcer 


greater specificity 
hitherto unobtainable freedom from side effects 
wider flexibility of dosage 
reduces gastric motility and secretion 
relieves pain 


PranTAL* Methylsulfate is a member of an entirely new class of synthetic 
anticholinergic compounds. It curbs excessive vagal stimuli to the stomach 
by inhibiting synaptic transmission across parasympathetic ganglia. 
PranTaL Methylsulfate is unique among anticholinergic compounds. Be- 
cause of its selective action, doses which reduce gastric motility and 
secretion rarely cause dilatation of the pupils, dryness of the mouth, 
urinary retention, or constipation. 


The pharmacodynamics of PRANTAL Methylsulfate have been the subject of 
extensive laboratory investigations in which the classical procedures were 
used. Studies by leading clinical investigators have confirmed the value 
of its unusual properties in treatment of the peptic ulcer syndrome. 


A Clinical Research Division monograph is now in press and will be sent 
to you promptly on request. 


A clinical supply of PRANTAL Methylsulfate will be sent to you on request. 


Average Dosage: One tablet (100 mg.) four times daily. 


Packaging: PrantAL Methylsulfate (brand of diphenmethanil methylsulfate), 100 mg. 
scored tablets, bottles of 100, 
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armony in the 
diuresis program 


Because of its moderate diuretic action and minimal 
toxicity, Calpurate blends harmoniously with 
the long-term diuretic regimen for edematous 
patients. Calpurate is the chemical compound, 

theobromine calcium gluconate, noteworthy 
for its remarkable freedom from gastro- 
intestinal and other side effects. 


In congestive heart 
It does not contain the sodium ion. 


failure, passive 
congestion of the 


jotenaun Supplied as Calpurate Tablets 


pedis Fag of 500 mg. (7% gr.) and 
—- Powder; also Calpurate with 
Phenobarbital Tablets, 

: ae phenobarbital 16 mg. 

leart (% gr.) per tablet — 

especially useful in 

Calpurate is particularly indicated: hypertension. 


When edema is mild and renal 
function adequate...during “res 
NEWARK 1, N. J. 
periods” from digitalis and mereurials 
.where mercury is contraindicated 
or sensitivity to its oral use is present 
... for moderate, long-lasting 
diuresis tn chronie cases. 
Calpurate 
therapy results in 
increased urine output, 


lowered body weight, | 
and decreased edema. 
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HEXAMETHON’ 


Chloride BRAN D 


HEXAMETHONIUM CHLORIDE 


The new hypotensive agent 
for the treatment of 
severe hypertension 


oral 


“HexametHon’ Chloride 
brand Hexamethonium Chloride 
Compressed 250 mg. (Scored ) 


Bottles of 100 


parenteral 


“HexametHon’ Chloride 
brand Hexamethonium Chloride 
INJECTION 


Each ce. contains 30 mg. hexamethonium ion 
Equivalent to 40.5 mg. hexamethonium chloride 


Rubber-capped vials of 10 ce. 
Write for detailed information to... 


bral BURROUGHS WELLCOME & CO. (U.S. A.) INC., Tuckahoe 7, N. Y. 
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Jor Control of Flypertension 


Ap resoline< 


Hydrochloride 
(brand of hydralazine hydrochloride) 


Apresoline is a relatively safe, single antihypertensive drug with no serious untoward 
reactions, providing benefits in many cases— complete control in some. It is recom- 
mended that Apresoline be used in those hypertensive patients who have not been 
adequately controlled by conventional regimens (diet, mild sedation, rest, etc.). The 
following important considerations should be of interest in general practice: 


Effective in essential hypertension with fixed 
levels, early malignant hypertension, toxemias 
of pregnancy and acute glomerulonephritis. 


Provides gradual and sustained reduction of blood 
pressure with no dangerous, abrupt fall on oral 
administration. 


Affords uniform rate of absorption and infre- 
quent dosage adjustments. 


Increases renal plasma flow in marked contrast 
to the decrease associated with other hypotensive 
drugs. 


Side effects often disappear as therapy is con- 
tinued or can be ameliorated with adjunctive 
medication. 


Produces significant relaxation of cerebral vas- 


cular tone. 


Complete information regarding manner of use and clinical application available on request. 
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Ciba Pharmaceutical Products, Inc., Summit, New Jersey 
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uestion: 


WHAT MAKES 


SUPERIOR? 


nswer: 


THE EXCLUSIVE 


1:3 L/D RATIO! 


‘IN CURBING APPETITE and caus- 
ing weight loss, a combination of Monobasic 
amphetamine phosphate containing a ratio of 1:3 
of levo to dextro amphetamine (as found exclusively 
in Biphetacel) is more effective than the same 
amount of amphetamine contained in the racemic 
form where the ratio is 1:1 I/d...”* 


Because of its exclusive 1:3 |/d ratio, Biphetacel 
curbs appetite more effectively, without nausea or 
nervousness, in both vagotonic or “sluggish” and 
sympathicotonic or “high strung” patients. In 
addition, it preserves an ‘‘enough-to-eat’” feeling 
by decreasing gastric motility and prolonging 
emptying time of stomach, and assures normal 
elimination by supplying evenly distributed, non- 
nutritive, ‘‘no clump” bulk. Small dosage means 
low treatment cost. 

Each Biphetacel tablet contains the preferred 1:3 


|/d ratio as provided by Racemic Amphetamine 
*Freed, S. C. and Mizel, M.—in press 


Phosphate Monobasic 5 mg. and Dextro Ampheta- 
mine Phosphate Monobasic 5 mg.; Metropine® 
(methyl atropine nitrate, Strasenburgh) 1 mg., 
Sodium Carboxymethylcellulose 200 mg. 


Dosage: 1 tablet % hour before meals, three times 
daily, for the vagotonic type. Increase this dose, if 
necessary, to achieve the desired clinical results. 
Y2 tablet Ye hour before meals, three times daily, 
for one week for the sympathicotonic type. If no 
signs of intolerance develop, increase to 1 tablet. 
Supplied in bottles of 100 and 1000 scored tablets. 


For literature and supply for initiating treatment, 
write Medical Service Department, R. J. Strasen- 
burgh Co., Rochester 14, N. Y. 


PATIENTS RETAIN THEIR 
ZEST FOR FOOD... BUT THEY 


“Eat Less and Like It!’’ 


FOUNDED IN 1886 


citrus is a good 


ANORETIC 
agent 


When taken about half an hour before 
meals, orange or grapefruit juice is highly 
effective in helping overweight patients 
to adhere to their reducing regimens. 
Citrus has “very definite advantages”’* 
as an appetite appeaser. It helps to 
reduce the demand for high caloric 
foods, and supplies readily utilizable 
carbohydrates to combat hypoglycemia. 
It is economically available in homes 

\ or restaurants. And, of no small 
consideration, most everyone likes 


} orange or grapefruit juice. 
* Postgrad. Med. 9:106, 1951. 
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Detect curable hypertension 


The presence of hypertension-producing pheo- 
chromocytoma should be suspected in every patient with high 
blood pressure. Symptoms produced by neoplasms of 

this type simulate those accompanying essential 

or malignant hypertension. Reliable diagnosis may 

be established by injecting BENODAINE® intraven- 

ously. Early detection followed 

by prompt surgery usually 

results in complete cure. 


Literature on request 
(PIPEROXAN HYDROCHLORIDE, MERCK) 


BENODAINE is the registered trade-mark of Merck & 
Co., Inc. for its brand of piperoxan hydrochloride. 
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for the Nation’s Health 


© Merck & Co., Inc. 
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DESITIN 


the pioneer external 
cod liver oil therapy 


i ‘soothing, drying 
and healing”’* in 
infant dermatoses 


protective — Desitin Ointment 
“showed definite prophylactic 
properties” with the incidence 
of nonsuppurative dermatoses 
about one-third that of control 


group. 


therapeutic — Desitin Ointment 
“was used successfully” in the 
treatment of both non-infect- 
ious dermatoses and various 
_ infections of the skin in the 


if Desitin Ointment is a non-irritant blend of : 
newborn infant. 


high grade, crude Norwegian cod liver oil (with its un- 
saturated fatty acids and high potency vitamins A and 
D in proper ratio for maximum efficacy), zinc oxide, tal- 
cum, petrolatum, and lanolin. Does not liquefy at body 
temperature and is not decomposed or washed away 
by secretions, exudate, urine or excrements. Dressings 
easily applied and painlessly removed. 


in diaper rash 
e exanthema 
hon-specific dermatoses 
e intertrigo chafing 
e irritation 
(due to urine, excrement, — 
chemicals or friction) 


Tubes of 1 02., 2 02., 4 02., and 1 Ib. jars. 


write for samples and reprints 


DESITIN i 1. Heimer, C. B., Grayzel, H. G., and Kramer, B.: Archives of 
CHEMICAL COMPANY @ Pediat. 68:382, 1951. 


; 2. Behrman, H. T., Combes, F. C., Bobroff, A. and Leviticus, R.: 
10 Ship Street + Providence 2, R. I. _ <lnd. Med. & Surg. 18:512, 1949. . 


> 
tAs | | 
A‘. 
we) 
(9) 
6 
fel 
=> 
| 
i 


Corticotropin 


, < 
5 
3 
/ | | 
/ | 
J 
\ 
| ‘ 


FRE 


| 
| | | 
~ 
‘ 
| 


i 
i 
~ 


N Ow Steroid-Vi 
Ta 


COVISTEN 


Your patients — young or aged — 
who need steroidal-nutritional 
support will have it in a single 
tablet when you prescribe Covisten. 
For the young, Covisten will prove 
invaluable as an anabolic tool — 
for the aged, an excellent way to 
supplement waning gonadal func- 
tion and diminishing intake or 
utilization of foodstuffs. Covisten 
supplies Stenediol® (methyl an- 
drostenediol — the non-virilizing 


androgen which imparts the ‘lift’ 


CP Each tablet supplies: unique with steroids) plus vita- 


mins plus minerals in balanced 


Stenediol (methy!) 
androstenediol) 5 mg. combination. 
Ascorbic acid 
Thiamine HCl 
Riboflavin 
Pyridoxine HCI 
Vitamin By 2 
Niacinamide 
Folic Acid 
Vitamin A 5000 U.S.P. Units 
Vitamin D3 500 U.S.P. Units 
Ferrous Gluconate 75 mg. 
Dibasic Calcium 
Phosphate 200 mg. 
Manganese 
Hypophosphite 0.5 mg. 
Dibasic Magnesium 
Phosphate 20 mg. 


Bottles of 100 & 1000 


® Organon inc. orance, 


T.M.—Covisten 
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Complete relief of symptoms was obtained by most menopausal patients, Perloff reported, 
and the greatest percentage of patients who “expressed clearcut preferences for any 
drug designated ‘Premarin.’” Perloff, W. H.: Am. J. Obst. & Gynec. 58:684 (Oct.) 1949. 


“PREMARIN ® 


Estrogenic Substances (water-soluble) also known as Conjugated Estrogens (equine). Tablets and liquid. 


Highly effective - Well tolerated + Imparts a feeling of well-being 


Ayerst, McKenna & Harrison Limited « New York, N. Y. * Montreal, Canada 
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Announcing— 


The American Journal 
of Medicine 


FIVE YEAR INDEX 


July 1946 through June 1951 


This new subject and author index 
provides an invaluable aid for quick 
reference and review purposes to 
8,250 text pages. 


Price Postpaid 


$2.50 U.S.A. 
$3.00 Foreign 


Printing Limited—Order Today 


The American Journal of Medicine, Inc. 
49 West 45th Street, New York 36, N. Y. 


Please send me the new Five Year Index to 
The American Journal of Medicine for 
which I enclose $2.50 U.S.A.—$3.00 Foreign 


(New York City residents, add 3% sales tax) 


{ 
' 
| 
| 
| | = 
. 
e 
3 
in > 
> 
= 
| 
=: a 
3, = 
| 
@ 
| w = @ 
‘ 
N: 
‘ 
.... 


ANOTHER MOSBY BOOK! 


New Fourth Edition 


Herrmann’s DISEASES OF THE 


HEART AND ARTERIES 


The continuing popularity of Herr- 
mann’s work is due to his conscientiousness 
in keeping track of every advance in the 
problems of cardiovascular diseases—and 
to the fact that he always gives you the 
benefit of his own clinical experience which 
is extensive. 

We are proud to present this new and 


THE HEART AND ARTERIES. It is an 
excellent guide to the study of the disorders 
of the heart, arteries, and the circulation— 
logically arranged—concise in presentation 
—and built upon the fundamental facts of 
physiology, pathology, pathysiology and 
pharmacodynamics. Beautifully illustrated, 
of course, and full of practical, clinical help 


improved Fourth Edition of DISEASES OF 
By GEORGE R. HERRMANN, M.S., M.D., Ph.D., F.A.C.P. 

Professor of Medicine, University of Texas; Director of the Cardiovascular Service and Heart Station, 

University Hospitals; Consultant in Vascular Diseases, United States Marine Hospital; Consultant in 


Medicine to Surgeon General, United States Army. Fourth Edition. 656 pages, 215 illustrations (4 in 
color). Price, $12.50 


The C. V. MOSBY Company 


Scientific Publications 
3207 Washington Blvd. 


for you and your patients. 


Published by— 


St. Louis 3, Missouri 


YEAR OF PUBLICATION 


A practical journal built on merit 
that any doctor will take pride in 
having in his library—beautifully 
printed and illustrated—a publica- 
tion that will provide both pleasure 
and inspiration. 


The 


American Journal of Surgery 
49 West 45th St. New York 36 


Yearly Subscription $12.00 U.S.A. 
Canada and Pan-American Countries $14. 
Foreign $15.00 
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“Adoption of these 


control measures 


now is warranted by the evidence so 


far obtained”... 


Each capsule supplies the true 
lipotropics (choline and inositol) 
approximately equivalent to one 
gram—choline dihydrogen cit- 
rate, also Vitamin A and the B- 
Complex factors, together with 
rutin and Vitamin C in adequate 
amounts. 


SHERMAN Lagy 


ERICAPS 


(SHERMAN) 


@ The Gericaps formula makes possible a double 
use (Prophylactic and therapeutic) in the management 
of conditions of impaired metabolism of fat and chol- 
esterol. 

The lipotropics in Gericaps enter into the bio-synthesis 
of phospholipids, helping to bring about a better ba/- 
anced ratio of cholesterol and phospholipids, which 
has been suggested as more important than the actual 
cholesterol level itself. 

The low fat and cholesterol diet indicated is supple- 
mented with adequate vitamins in the Gericaps for- 
mula, to compensate for the possible deficiencies 
caused by this restricted diet. 

Gericaps contain therapeutic amounts of the factors to 
combat capillary weakness (rutin and Vitamin C) so 
often associated with abnormal cholesterol and fat 
metabolism. 
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a more complete solution ... 


OBEDRIN.”°THE 60-10-70 DIET 


Obedrin Tablets permit full utilization of the appe- 
tite depressing action of methamphetamine hydro- 
chloride but eliminate the central nervous stimu- 
lation, so the patient does not suffer from nervous 
irritability and insomnia. 

The 60-10-70 Basic diet provides the basic mini- 
mum of proteins to maintain nitrogen balance, the 
basic minimum of carbohydrates to ‘burn off’ ex- 
cessive fat in storage. 

Obedrin Tablets and the 60-10-70 basic diet will 
permit loss of weight with minimum discomfort, 
thus inviting patient cooperation. 


FORMULA 


*Semoxydrine 
Hydrochloride 
Pentobarbital Sodium .. 20 mg. 
Ascorbic Acid 
Thiamine 
Hydrochloride 
Riboflavin 


* Methamphetamine Hydrochloride 
Obedrin is supplied in bottles 
of 100, 500 and 1,000 yellow 
grooved tablets. 


A COMPLIMENTARY PAD OF “a 
SHEETS AND A TRIAL SUPPLY O 
OBEDRIN SENT TO PHYSICIANS ON 


REQUEST. MASSENGILL pristot, TENNESSEE 
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DOUBLE THE POWER TO RE 
Each OBOCELL tablet contains: 
5 mg. 


k or hollow hunger, 
Dextro-Amphetamine Phosphate 
150 mg. 


OBOCELL LIQUID 


Suppresses bul 


curbs the appetite and elevates 


Methylcellulose 
Now available: 


the mood. 
Supplied: Bottles of 100, 500, 1000 tablels ° 
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In Trichomonas infection.. 


treatment “must not only include a tricho- 
monacide, but it must furnish sugars to be 
stored as glycogen in the vaginal epithe- 
lium and provide a favorable medium for 


regeneration of the Déderlein’s bacilli...’.* 


The normal adult vaginal mucosa is relatively thick, rich in glyco- 
gen and its secretions have an acidity within the range of pH 3.8 
to 4.4, Glycogen is metabolized to lactic acid by the Déderlein 
bacilli, thus maintaining the normal acid state. 


e ® 
rd q U i n "We prescribe Floraquin tablets which 


contain Diodoquin ... boric acid, and lactose 


and dextrose.’’* 


Searle RESEARCH IN THE SERVICE OF MEDICINE 


*Boehme, E. J.: Trichomonas Vaginalis Vaginitis; Diagnosis, Treatment, Causes of Failure in Treatment, 
S. Clin. North America 25:545 (June) 1945. 
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for all nutritional anemias... 


A comprehensive therapeutic formula affords the best prospect for a 
prompt and sustained response. Many physicians are prescribing Ironate 
for chronic nutritional anemias, whether “borderline” or severe, because 


ies: 
fronate suppl Per daily dose (3 capsules) 


Ferrous Sulfate, Dried 

Copper (as copper sulfate) 

Vitamin B, (thiamine hydrochloride) 

Vitamin Bz (riboflavin) 

Vitamin B, (pyridoxine hydrochloride) 

Vitamin B,2 (crystalline) 

Vitamin C (ascorbic acid) 

Folic Acid 

Calcium Pantothenate 

Niacinamide 


*Approximately equivalent to 15 gr. ferrous sulfate 
U.S.P. or 204 mg. of elemental iron 


IRONATE 


IRON e VITAMINS e LIVER 
Supplied: Bottle of 100 capsules 


Wyeth Incorporated, Philadelphia 2, Pa. 
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